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PEEFACE  TO  THE  SECOND  GERMAN  EDITION. 


After  the  appearance  of  the  first  Swedish  edition  of  this  text-book  I 
vas  asked  by  several  colaborers  abroad  to  provide  a  German  translation, 
which  was  at  that  time  impossible  for  several  reasons.  But  I  found  it  very 
difficult  to  decline  a  similar  proposal  which  I  received  from  many  col- 
leagues after  the  second  edition  appeared. 

I  yielded,  therefore,  to  their  expressed  wishes;  but  I  found  after  a 
time  that  it  was  impossible  to  obtain  a  translator  in  this  special  province 
of  science,  notwithstanding  the  unwearied  exertions  of  my  publisher. 
Nothing  remained  for  me  but  to  undertake  the  translation  myself ; 
hence  I  ask  the  reader^s  indulgence  for  possible  idiomatic  or  literal  errors. 

Specialists  will  at  once  perceive  that  the  book  before  them  is  not  a 
complete  or  detailed  text-book.  My  intention  was  merely  to  supply 
students  and  physicians  with  a  condensed  and  as  far  as  possible  objective 
representation  of  the  principal  results  of  physiologico-chemical  research  and 
also  with  the  principal  features  of  physiologico-chemical  methods  of  work. 
It  seems  to  me  that  I  have  followed  a  common,  practical,  even  if  not 
strictly  correct  usage  in  allowing  space  in  this  book  to  the  more  important 
pathologico-chemical  facts,  although  I  have  given  the  book  the  title  Text- 
book of  Physiological  Chemistry. 

The  arrangement  of  subject-matter,  which  deviates  considerably  from 
that  generally  followed  in  text-books,  was  caused  by  the  manner  in  which 
physiological  chemistry  is  studied  in  Sweden.  Here  physiologico-  and 
pathologico-chemical  laboratory  practice  is  obligatory  on  all  students  of 
medicine.  In  the  arrangement  of  such  practical  work  I  continually  kept 
in  view  that  it  should  not  consist  of  isolated,  purely  chemical  or  analytico- 
chemical  problems,  but  that,  as  far  as  possible,  it  should  always  go  hand  in 
hand  with  the  study  of  the  different  chapters  of  chemical  pliyeiology. 

The  study  of  physiologico-chemical  processes  within  the  animal  body 
must  precede  the  study  of  its  component  parts,  its  fluids  and  tissues;  and 
this  latter  study,  according  to  my  experience,  will  then  only  inspire  true 
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interest  if  the  study  of  the  pliyslological  significance  of  those  component 
parts  be  closely  pursued  in  connection  with  that  of  the  transformations  which 
take  place  in  these  fluids  and  tissues. 

In  view  of  this  arrangement  of  subject-matter,  and  in  order  to  render 
my  book  of  greater  interest  and  utility  to  those  who  do  not  wish  to  take 
cognizance  of  ite  analytico-chemical  part,  I  have  distinguished  the  latter  by 
different  setting  of  the  type.  With  the  exception  of  urinary  analysis,  wliich 
practically  is  of  peculiar  importance  and  which  has  been  treated  somewhat 
elaborately,  this  part  in  general  depicts  only  the  main  points  in  the  methods 
of  preparation  and  of  analytical  methods.  The  instructor  who  superintends 
the  laboratory  practice  and  who  chooses  the  problems  for  work  has  ample 
opportunity  to  give  the  beginner  the  necessary  advanced  directions,  and  for 
the  more  experienced  student,  as  well  as  for  the  specialist,  the  excellent 
works  of  Hoppb-Seyler,  Neubauer-Huppebt,  and  others  render  more 
explicit  directions  superfluous. 

Olof  Hammarsten. 
Upbala,  October,  1890. 


PREFACE  TO  THE  THIRD  GERMAN  EDITION. 


The  present  edition,  which  differs  from  the  second  in  the  arrangement 
of  matter,  contains  three  new  chapters.  The  wonderful  development  of 
our  knowledge  of  the  chemistry  of  the  carbohydrates  in  recent  times  has 
made  it  necessary  to  introduce  a  special  chapter  on  this  subject;  and  as 
the  two  chief  groups  of  organic  foods,  the  protein  substances  and  the  carbo- 
hydrates, are  treated  of  in  special  chapters,  the  third  group,  the  fats,  like- 
wise has  a  chapter  devoted  to  it.  It  also  appears  appropriate  to  treat  the 
rather  extensive  subject  of  the  chemistry  of  respiration  in  a  special  chapter 
and  not,  as  heretofore,  in  connection  with  the  blood.  Another  deviation 
from  the  earlier  editions  is  that  the  present  edition  is  supplied  with  the 
references  to  the  literature,  in  pursuance  of  the  request  made  on  many  sides. 
This  edition  is  also  thoroughly  revised  and  enlarged  according  to  the  advance- 
ment of  the  science;  still  it  was  naturally  impossible  to  incorporate  into  the 
text  the  various  papers  appearing  or  accessible  to  me  during  the  printing  of 
this  edition. 

Olof  Hammarsten^. 
UrsALA,  April,  1895. 
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As  this  work  is  not  a  complete  handbook,  but  only  a  concise  text-book 
for  students  and  physicians,  I  have  considered  it  very  desirable,  in  the 
preparation  of  this  edition,  not  to  enlarge  the  size  of  the  volume.  In  view 
of  the  vast  amount  of  new  material  supplied  during  the  last  four  years,  this 
task  was  a  very  difficult  one,  and  its  accomplishment  was  made  possible  only 
by  excluding  those  theories  which  in  the  light  of  recent  researches  have 
become  obsolete,  and  by  condensing  some  portions  of  the  matter  of  the  pre- 
vious edition.  For  this  purpose  a  thorough  revision  of  some  of  the  chapters 
and  a  complete  rewriting  of  others  were  necessary.  *  By  means  of  a  new, 
space-saving  arrangement  of  foot-notes  the  number  of  references  to  litera- 
ture has  been  increased.  The  original  plan  of  the  book^  however,  remains 
unchanged. 

Olop  Hammarstbk. 

Ufsala,  April  17, 1899. 


TRANSLATOR'S  PREFACE  TO  THE  THIRD 
AMERICAN  EDITION. 


Recognizing  the  importance  of  keeping  a  text-book  up  to  date,  and 
especially  one  on  a  subject  which  is  making  such  rapid  advances  as  physi- 
ological chemistry,  I  was  lead  to  make  a  translation  of  the  fourth  German 
edition  soon  after  the  second  American  edition  was  issued.  The  author^s 
addenda  have  been  incorporated  into  the  text,  bringing  the  available  litera- 
ture up  to  April  1. 

John  A.  Mandel. 

November,  1899. 
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INTRODUCTION. 


It  foUowfl  from  the  law  of  the  canservation  of  force  and  matter  that 
lining  beinga,  plants  and  animals,  can  produce  neither  new  matter  nor  new 
foroe»  They  are  only  called  upon  to  appropriate  and  assimilate  already 
exiBtmg  material  and  to  transform  it  into  new  forms  of  force. 

Out  of  a  few  relatively  simple  combinations,  especially  carbon  dioxide 
aad  water,  together  with  ammonium  componnda  or  nitrates,  and  a  few 
mineral  snbstances,  which  serve  as  its  food,  the  plant  builds  op  the 
extremely  complicated  conatitnents  of  its  organism,  proteids,  carbohydrates, 
fats,  resins,  organic  acids,  etc.  The  chemical  work  which  is  performed  in 
tlie  plant  mnst  therefore,  in  the  majority  of  cases,  consist  in  syntheeee;  but 
besides  these,  processes  of  reduction  take  place  to  a  great  extent.  l"he 
kinetic  energy  of  the  sunlight  induces  the  green  parts  of  the  plant  to  split 
off  oxygen  from  the  carbon  dioxide  and  water,  and  this  redaction  is  generally 
considered  as  the  starting-point  of  the  following  syntheses.  In  the  first 
place  formaldehyde  is  produced,  CO,  +  H,0  =  CH^O  -f-  0, ,  which  then 
by  condensation  is  transformed  into  dextrose,  and  this  then  serves  in  the 
ttructnre  of  other  bodies.  The  kinetic  energy  of  the  son,  which  produces 
this  splitting,  is  not  lost;  it  is  only  transformed  into  another  form  of  force 
— ^into  the  potential  energy  or  chemical  tension  of  the  free  oxygen  on  the 
one  side,  and  the  combinations  less  oxygenated,  produced  by  the  synthesis, 
on  the  other  aide. 

These  conditions  are  not  the  same  in  animals.  They  are  dependent 
either  directly,  as  the  herbivora,  or  indirectly,  as  the  .carnivora,  upon  plant* 
life,  from  which  they  derive  the  three  chief  groups  of  organic  nutritire 
iDAtter — proteids,  carboljyd rates,  and  fats.  These  liodies,  of  which  the 
protein  substances" and  fat  form  the  chief  mass  of  the  animal  body,  undergo 
within  the  animal  organism  a  cleaT&ge  and  oxidation,  and  yield  as  final 
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products  exactly  the  above-mentioned  chief  components  of  the  nutrition  of 
plants,  namely,  carbon  dioxide,  water,  and  ammonia  deriyatiyes,  which  are 
rich  in  oxygen  and  have  little  energy.  The  chemical  tension,  which  ia 
partly  combined  with  the  free  oxygen  and  partly  stored  up  in  the  abore- 
mentioned  more  complex  chemical  compounds,  is  transformed  into  living 
forc^,  beat,  and  mechanical  work.  While  in  the  plant  reduction  processes 
and  syntheses,  which  are  active  in  the  conversion  of  living  force  into 
potential  energy  or  chemical  tension,  are  the  prevailing  forces,  we  find  in 
the  animal  body  the  reverse  of  this,  namely,  cleavage  and  oxidation 
processes,  which  convert  chemical  tension  into  living  force  {vis  viva). 

This  difference  between  animals  and  plants  must  not  be  overrated,  nor 
must  we  consider  that  there  exists  a  sharp  boundary-line  between  the  two. 
This  is  not  the  case.  There  are  not  only  lower  plants,  free  from  chloro- 
phyll, which  in  regard  to  chemical  processes  represent  intermediate  steps 
between  higher  plants  and  animals,  but  the  difference  existing  between  the 
higher  plants  and  animals  is  more  of  a  quantitative  than  a  qualitative  kind. 
Plants  require  oxygen  as  peremptorily  as  do  animals.  Like  the  animal,  the 
plant  also,  in  the  dark  and  by  means  of  those  parts  which  are  free  from 
chlorophyll,  takes  up  oxygen  and  eliminates  carbon  dioxide,  while  in  the 
light  the  oxidation  processes  going  on  in  the  green  parts  are  overshadowed 
or  hidden  beneath  the  more  intense  reduction  processes.  Like  the  animal 
the  fermentive  fungi  transiform  chemical  tension*  into  living  energy  and 
heat;  and  even  in  a  few  of  the  higher  plants — as  the  aroidea  when  bearing 
fruit — a  considerable  development  of  heat  has  been  observed.  The  reverse 
is  found  in  the  animal  organism,  for,  besides  oxidation  and  splitting,  reduc- 
tion processes  and  syntheses  also  take  place.  The  contrast  which  seemingly 
exists  between  animals  and  plants  consists  merely  in  that  in  the  animal 
organism  the  processes  of  oxidation  and  splitting  are  prevalent,  while  in  the 
plant  those  of  reduction  and  synthesis  have  thus  far  been  observed., 

Wohler'  in  1824  furnished  the  first  example  6t  synthetical 
PR0GESSE6  within  the  animal  organism.  lie  showed  that  when  benzoic  acid 
is  introduced  into  the  stomach  it  reappears  as  hippurie  acid  in  the  urine, 
after  it  combines  with  glycocoU  (amido-acetic  acid).  Since  the  discovery 
of  this  synthesis,  which  may  be  expnessed  by  the  following  equation, 

C.H..COOH  +  NH,.CH,.COOH  =  NH(C.H..CO).CH..COOH  +  H,0, 

Benzoic  acid  Qlycocoll  Hippurie  acid 

and  which  is  ordinarily 'considered  as  a  type  of  an  entire  series  of  syntheses 
occurring  in  the  body  where  water  is  eliminated,  the  number  of  known 
syntheses  in  the  animal  kingdom  has  increased  considerably.  Many  of 
these  syntheses  have  also  been  artificially  produced  outside  of  the  orgaaism, 

1  Berzelius,  Lebrb.  d.  Cbemie,  Ubenetzt  tod  WObler,  Bel.  4.  Dresden,  1881. 
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and  noinerona  examples  of  animal  syntheses  of  which  the  course  is  abao- 
lately  clear  will  be  found  in  the  following  pages.  Besides  these  well-stud ied 
sjntheses,  there  occur  in  the  animal  body  also  similar  processes  nnqueetion- 
ably  of  the  greatest  importance  to  animal  life,  but  of  wliich  we  know 
notbiog  with  poi^itiveness.  AVe  enumerate  as  examples  of  this  kind  of 
fijQthesis  the  reformation  of  the  red -blood  pigment  (the  haemoglobin),  the 
formation  of  the  different  proteids  from  the  peptones,  the  formation  of  fat 
from  carbohydrates,  and  others. 

Formerly  the  view  was  generally  accepted  that  animal  oxniATioie  took 
place  in  tbe  fluids,  while  to-day  we  are  of  the  opinion,  derived  from  the 
investigations  of  PflCgeh  and  his  pnpilB/  tliat  it  is  conneetetl  with  the 
form-elements  and  the  tissaea.  The  qnestion  how  this  oxidation  in  the 
forrn-elemente  proceeds  and  how  it  is  indaced  cannot  be  answered  with 
certainty, 

When  a  body  is  ox|idized  by  nentral  oxygen  at  ordinary  temperature  or 
at  the  temperatnre  of  the  body,  the  body  is  called  easily  oxidized  or  an  to- 
oxidized  and  the  process  is  called  a  direct  oxidation  or  aatooxidation.  As 
the  oxygen  of  the  inhaled  air,  as  also  of  the  blood,  is  neutral, -molecular 
oxygen,  the  old  assumption  that  ozone  occurs  in  the  organism  lias  now  been 
discarded  for  several  reasons.  On  the  other  hand  the  chief  gronps  of 
organic  nntritives,  carbobyd rates,  fat,  and  proteids,  the  last  two  forming 
the  chief  mass  of  the  animal  body,  are  not  autooxidizable  substances.  They 
are  on  the  contrary  bradoxidizable  (Teaibe)  or  dyaoxidizable  bodies. 
They  are  nearly  indifferent  to  neutral  oxygen »  and  it  is  tlierefore  a  question 
how  an  oxidation  of  theie  and  other  dysoxidizable  bodies  is  possible  in  the 
animal  body. 

In  explanation  it  is  very  generally  admitted  that  the  oxygen  is  made 
live  and  this  canses  a  secondary  oxidation.  It  is  generally  conceded  that 
aatooxidation  a  cle^age  of  neutral  oxygen  takes  place.  The  antooxidiz- 
able  substance  splits  the  oxygen  molecule  and  combines  with  one  of  the 
oxygen  atoms,  while  the  other  free  atom  as  active  oxygen  may  oxidize  the 
EimDltaueously  present  dysoxidizable  substances.  8uch  a  subordinate  oxi* 
<IiUion  is  called  an  indirect  or  secondary  oxidation.  The  explanation  of 
aaimal  oxidations  has  been  attempted  by  the  supposition  that  the  oxygen  is 
made  active  and  thus  produces  secondary  oxidation. 

The  cause  of  the  animal  oxida%)n  is  considered,  by  Ffl^uer  and 
several  other  investigators,  to  be  de|i€^d6nt  upon  the  special  constitution  of 
tht  protoplasmic  proteids.  This  in^^estigator  calls  the  proteids  outside  of 
the  organism,  and  also  Aose  which  circulate  in  the  blood  and  fluids,  **  non- 
Itviag  proteids  **  as  compared  to  those  which  are  converted  by  the  activity 


'*  Pflftgcr,  Pflflger's  Arcliiv.  Bdd.  6  aad  10  ;  Fiiikkr»  iW<|.,  Bdd.  10  and  14  ;  Oertmoa, 
«id.,  Bdd.  14  and  15;  Hoppe-S^.-yler,  iWd.,  Bd.  7. 
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of  the  liviDg  cell  into  living  protoplasm,  which  he  calls  ''  living  proteids** 
or  a  special  form  of  proteid  called  "  active  proteid  "  by  Loew.  It  is  now 
also  considered  that  this  "living  proteid"  differs  from  the  "non-living 
proteid  "  by  a  greater  mobility  of  the  atoms  within  the  molecule,  and  it 
may  be  characterized  by  a  greater  inclination  towards  intramolecular 
changes  of  position  of  these  atoms.  The  reason  for  these  greater  intra- 
molecular  movements  Pfluoer  ascribes  to  the  presence  of  cyanogen, 
Loew  to  the  presence  of  aldehydic  groups,  and  Latham  ^  attributes  it  to 
the  presence  of  a  chain  of  cyanalcohols  in  the  proteid  mloecule. 

Pfluoer  considers  these  diffe'rences  between  ordinary  proteids  and 
living  protoplasmic  proteids  as  the  cause  for  the  oxidation  processes  in  the 
animal  organism.  These  processes  show  certain  similarity  to  the  oxidation 
of  phosphorus  in  an  atmosphere  containing  oxygen.  In  this  process  the 
phosphorus  is  not  only  itself  oxidized,  but,  as  it  splits  the  oxygen  molecules 
and  sets  free  oxygen  atoms  (active  oxygen),  it  may  cause  at  the  same  time 
an  indirect  or  secondary  oxidizing  action  upon  other  bodies  present.  In  an 
analogous  way  the  living  protoplasmic  proteid,  which  is  not,  like  dead 
proteid,  indifferent  to  molecular  oxygen,  may  cause  a  splitting  of  the 
oxygen  molecule,  thus  becoming  itself  oxidized,  and  at  the  same  time 
setting  oxygen  atoms  free,  which  may  cause  a  secondary  oxidation  of  other 
less  oxidizable  substances. 

According  to  Pfluger  the  oxygen  may  be  made  active  in  this  way. 
Active  oxygen  may  also  be  produced,  according  to  0.  Nasse,  by  a  hydroxy- 
lization  of  the  constituents  of  the  protoplasm  with  the  splitting  off  of  mole- 
cules of  water.  If  benzaldehyde  is  shaken  with  water  and  air  an  oxidation 
of  the  benzaldehyde  into  benzoic  acid  takes  place,  while  oxidizable 
substances  present  at  the  same  time  may  also  be  oxidized.  The  simul- 
taneous presence  of  potassium  iodide  and  starch  or  tincture  of  guaiacum 
causes  a  blue  coloration  because  the  hydroxyl  (OH)  takes  the  place  of  the 
hydrogen  in  the  aldehyde  group,  and  these  two  hydrogen  atoms,  one  derived 
from  the  aldehyde  and  the  other  from  the  splitting  of  the  water,  have  a 
splitting  action  on  the  molecular  oxygen.  Nasse  and  Rosing  '  have  found 
that  certain  varieties  of  proteid  have  the  property  of  being  hydroxylized  in 
the  presence  of  water,  and  they  include  among  these  proteids  the  substance 
philothion  prepared  by  De  Eey-Pailhade  *  from  yeast  and  animal  tissues 

*  Pflftger's  Arcbiv.  Bd.  10;  Loew  and  Bokorny,  Pflliger's  Arcliiv,  Bd.  25  ;  and  Loew, 
ibid.,  Bd.  80;  O.  Loew,  The  Energy  of  Living  Protoplasm.  London,  1896; — Latham, 
British  Medical  Journal,  1886. 

»  O.  Nasse,  Rostocker  Zeilung.  No.  534.  1891,  and  No.  368, 1895  ;— E.  ROsing,  Unter- 
fiuchungen  Uber  die  Oxydalion  von  Eiweiss  in  Gegenwart  von  Schwefel.  Inaug.  Dis. 
sen.     Rostock,  1891. 

'  De  Rey-Pailhade,  Recherches  exper.  surle  Philothion,  etc.  Paris,  1891 ; — Nouvelles 
recherches  sur  le  Philothion.     Paris,  1892 ;— and  Chem.  Centmlbl.,  1897.  Bd.  3,  S.  596. 
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And  considered  bj  him  as  au  oxidation  fermenfc.  According  to  Xassb  a 
whole  series  of  oxidations  in  the  animal  body  may  be  accounted  for  by  the 
oxygen  atoms  set  free  in  the  hydroxy! ization  simihir  to  that  of  benzalde- 
hyde. 

Another  Tery  widely  diifased  view  exists  iq  regard  to  the  origin  of  the 
activity  of  the  oxygen;  namely,  that  by  the  decomposition  proceasee  in  the 
tiasaes  redacing  substances  are  formed  which  split  the  oxygen  molecule, 
uniting  with  one  oxygen  atom  and  aetting  the  other  free. 

The  formation  of  reducing  substances  during  fermentation  and  pntre- 
faction  is  generally  known.  The  baty He  fermentation  of  dextrose  in  which 
hydrogen  is  set  free— CJI^,0,  =  t?,H,0,  -f-  2C0^  -f  2(11,) — is  an  example 
of  this  kind.  Another  example  is  the  appearance  of  nitrates  in  con8ei|ueuc6 
of  an  oxidation  of  nitrogen  in  cases  of  putrefaction,  which  process  is  ordi- 
narily explained  by  the  statement  that,  in  putrefaction,  reducing,  easily 
oxidizable  bodies  are  formed  which  split  oxygen  molecules,  liberating 
oxygen  atoms  which  afterward  oxidize  the  nitrogen.  It  is  assumed  aUo 
that  the  cells  of  the  animal  tissues  and  organs  have  the  property  like  these 
lower  organisms,  which  cause  fermentation  and  putrefaction,  of  causing 
Bplitting  processes  in  which  easily  oxidizable  substances,  perhaps  also 
hydrogen  in  stalu  nascendi  (Hoppe-Seylkr),  are  produced.  The  observa- 
tions of  Ehrlich,  that  certain  bine  coloring  matters — alizarin  blue  and 
indophenol  blue — are  decolorized  by  the  tissues  of  the  living  animal  and 
become  blae  again  on  exposure  to  air,  seem  also  to  be  a  proof  of  the  f>ccur- 
rence  of  easily  oxidizable  combinations  in  the  tissues*  A  further  proof  of 
this  is  found  in  the  observations  of  C,  Ludwig  and  Alex.  Schmidt,'  tlnit 
in  the  blood  of  asphyxiated  animals,  as  well  as  in  the  absence  of  oxygen,  au 
accumulation  of  reducing,  easily  oxidizable  substances  takes  place. 

In  accordance  with  what  has  been  stated  above,  we  may  assume  that  tbe 
oxidation  in  the  animal  body  takes  place  in  the  following  manner:  Tim 
forces  peculiar  to  protoplasm,  unknown  to  us,  but  acting  similarly  to  heat 
or  the  enzymes,  cause  a  cleavage,  producing  reducing  and  readily  oxidizable 
prodacte  on  one  side  and  difficultly  oxidizable  products  on  the  other.  The 
first  may  be  directly  oxidized,  causing  also  a  secondary  oxidation  of  dysoxi- 
dizable  bodies.  The  jjroducts  formed  by  these  splittings  and  oxidations 
may  perhaps  in  part  be  burned  within  the  body  without  undergoing  further 
cleavage,  but  they  must  probably  first  undergo  a  further  cleavage  and  then 
succumb  to  consecuLive  oxidation,  until  after  repeated  cleavage  and  oxida- 
tion the  final  products  of  metabolism  are  formed. 

Nevertheless  there  are  several  investigators  who  do  not  admit  of  tbe  aup- 


*  Hoppe-Seyler,  PflUger's  Arcbiv.  Bd.  19;  P.  EUrlich.  Daa  SnuerstoffbedllrfDlsa  dcs 
Orgauiainufl.  BerUn,  1885  ;— Alex.  Schmidt,  Arbeitea  uus  dw  physiol.  Austalt  zu 
Li^ipzlg.     1867. 
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poBitipn  of  the  oxygen  becoming  active.  According  to  Traube,  in  antooxi* 
dation  we  have  to  deal  in  the  first  place,  not  with  a  cleavage  of  the  oxygen, 
but  with  a  splitting  of  water  in  which  the  hydroxyl  groups  of  the  water 
combine  with  the  oxidizable  substance,  while  the  hydrogen  atom  set  free  on 
the  decomposition  of  the  water  unites  with  the  neutral  oxygen,  forming 
hydrogen  peroxide,  which  may  naturally  have  an  oxidizing  action.  Accord- 
ing to  the  view  of  Bach,  which  coincides  essentially  with  the  views  of  Ekg- 
LER  and  Wild,  oxygen  atoms  are  not,  taken  np  in  autooxidation,  bat  entire 
oxygen  molecules,  which  by  the  rupture  of  the  double  bonds  of  the  oxygen 

molecule  form  peroxide  combinations  with  the  formula,  J  or  R'<^  1  . 

These  can  then,  like  hydrogen  peroxide,  give  up  an  oxygen  atom  to  a  dy< 
soxidizable  substance,  passing  into  normal  simple  oxides  R,0  or  R"0.  Bach^ 
explains  in  this  way  the  oxidation  process  of  the  animal  body. 

Medvedew*  has  studied  the  conditions  for  the  oxidation  of  salicylalde- 
hyde  by  tissue  extracts.  He  has  found  on  oxidation  that  two  molecules  of 
the  above  aldehyde  react  with  oxygen  instead  of  one.  His  investigations 
also  coincide  with  the  views  of  Bach,  Ekgler,  and  Wild  that  a  peroxide 

C.H..OH.Cf 
combination,  -    is    prodnced   as    intermediate    step    in  this 

c.H,.on.c/ 

oxidation. 

All  the  views  presented  thus  far  assume  a  continuous  oxidation  of  the 
primary  active  substance.  The  view  has  also  been  suggested  that  animal 
oxidation  may  be  brought  about  by  oxygen-carriers,  i.e.,  by  bodies  which, 
without  being  oxidized  themselves,  act  in  an  analogous  manner  to  the  nitric 
oxide  in  the  manufacture  of  sulphuric  acid  by  alternately  taking  up  and 
introducing  oxygen  in  the  oxidation  of  dysoxidizable  bodies.  Traube  has 
for  a  long  time  explained  the  oxidations  of  the  animal  body  in  this  way,  and 
he  calls  these  questionable  oxygen-carriers  oxidation  ferments .* 

It  has  also  been  positively  proven  by  the  researches  of  Jaquet,  Sal- 
KowsKi,  Spitzer,  Rohmann,  Abelous  and  Biarn^s,  Bertrand,  Bou- 
QUELOT,  De  Rey-Pailhade,  Medvedew,  Pohl,*  and  others,  that  in  the 

»  M.  Traube,  Ber.  d.  deutsch.  chem.  Gesellsch.,  Bdd.  15,  18.  19,  22,  and  26;  Engler 
and  Wild,  ibid,,  Bd.  80  ;  Bacb,  Le  Moniteur  sclentifique,  1897,  and  Compt.  rend.,  Tonae 
124. 

*  Pflttger's  Archiv,  Bd.  74. 

'  M.  Traube,  Theorie  der  Fermentwirkungen.   .Berlin.  1858. 

*  Jaquet,  Arch.  f.  exp.  Path.  u.  Pharm.,  Bd.  29;  Snlkowskl,  Centralbl.  f.  d.  med. 
Wissensch..  1892  and  1894  ;  VlrchoWs  Arch.,  Bd.  147  ;  Spitzer,  PflQger's  Archiv,  Bdd. 
60  and  67 ;  Spitzer  and  B^hmann,  Ber.  d.  deutsch.  chem.  Gesellsch.,  Bd.  28 ;  Abelous 
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bload  and  different  tiseaes  of  the  animal  body,  as  also  in  plant-cells^ 
aubstancea  occur  which  have  the  property  of  causing  certain  oxidations  and 
are  therefore  called  oxidation  ferments  or  oxidases.  The  exact  knowledge 
of  the  nature  of  these  oxidation  ferments  has  been  somewhat  advanced  by 
Spitzer,  who  has  been  able  to  isolate  ferraginoua  nncleoproteids  from 
different  animal  organs,  snch  as  the  liver,  kidneys,  testicles,  pancreas, 
which  act  as  oxygen-exciters.  These  proteida,  whose  iron  Spitzer  con- 
siders of  special  importance,  readily  decompose  hydrogen  peroxide,  bnt  they 
may  also  be  detected  in  other  ways,  sQch  as  by  the  formation  of  indophenol 
from  a-naphthol  and  paraphenykliamin  in  the  presence  of  alkali.  It  is 
difficult  at  the  present  time  to  judge  of  the  importance  of  the  oxidation 
ferments  which  have  been  isolated  from  dead  tissueSj  in  the  oxidation 
processes  of  the  living  animal  body.  Further  investigations  as  to  the 
nature  and  action  of  these  bodies  is  very  much  to  be  desired. 

LoEw/  who  has  opposed  the  view  as  to  the  oxygen  becoming  active  with 
the  setting  free  of  oxygen  atoms,  has  eoaght  for  the  reason  of  the  oxidations 
in  the  active  proteid  of  the  cells.  The  active  movement  of  the  atoms 
within  the  active  proteid  molecule  is  transmitted  to  the  oxygen  and  to  the 
oxidizable  substance,  and  when  the  dissolution  of  the  molecule  has  proceeded 
to  a  certain  point  the  oxidation  occurs  by  the  chemical  aflinity.  This 
oxidation  is  according  to  LoEW  a  catalyeis,  which  shows  great  analogy  to 
the  oxidation  of  alcohol  under  the  intlDence  of  platinum-black. 

Sghmiedeberg/   who  also  denies    the  supposition   that    the  oxygen 

:ome8  active,  is  of  the  view  that  the  tissue  by  the  mediation  of  the  oxida- 
tions do  not  increase  the  oxidizing  activity  of  the  oxygen,  but  more  probably 
act  on  the  oxidizing  substances,  making  them  more  accessible  to  oxidation. 

The  many  different  views  in  regard  to  the  oxidation  processes  show  ns 
atrikiogly  how  little  pgsitive  is  known  about  these  processes.  The  occur- 
rence of  numeroQS  intermediary  decomposition  products  in  the  animal  body 
teaches  ns  that  the  oxidations  of  the  constituents  of  the  body  are  not  in- 
stantaneous and  sudden^  but  take  place  step  by  step,  and  hand  in  hand  with 
cleavages.  Most  investigators  are  agreed  that  these  decompositions  are 
similar  to  certain  oxidations  studied  by  DREcnsEL*  outside  tlie  animal 
body,  where  oxidations  and  red  actions  in  quick  succession  acted  together. 


€i  Biarui^s,  Arch,  de  phyaiol.  (5),  Tomes  7,  8,  Rud  0,  and  CoropL  rend.  soc.  bioL,  Tome 
49;  Bertraud.  Anh.  de  pbysioL  (SKTomesS,  9.  ivtrd  Compl.  rewd.,  Tomcis  VZ%  123,  124  ; 
Bouri^iielot,  Couipt.  reud.  soc.  IdnL^  Tome  48,  aud  Cnmpt.  rend.,  Tume  133;  Dc  Rey- 
PaiUiade.  I  c. ;  Medvedew.  PfiQger'a  Arch..  Bd.  05  ;  Pobl,  Arch.  f.  exp.  Path.  u. 
Pharm  .  Bd.  88. 

*  O.  Loew,  The  Euergy  of  Living  Protoplasm.     London,  1896. 

»  Arcli.  L  esp.  Pulh*  u.  Pbnrra,,  Bd.  14. 

•Jour,  L  pmkt  Chern.  (N.  F.J.  Bdd.  23»  29,  3S.  mid  C.  Ludwig'a  Festachrifti  1887, 
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The  views  are  divided  in  regard  to  the  manner  and  origin  of  thia  ooopeia* 
tive  action.' 

The  oxidations  in  the  animal  body  have  long  been  designated  as  a 
combastion,  and  sach  a  view  is  easily  reconcilable  with  the  above-mentioned 
views.  In  combastion  in  the  ordinary  sense,  as,  for  example,  the  baming 
of  wood  or  oil,  we  mast  not  forget  that  the  sabstances  themselves  do  not 
combine  with  oxygen.  It  is  only  after  the  action  of  heat  has  decomposed 
these  bodies  to  a  certain  degree  that  the  oxidation  of  the  products  of  such 
decomposition  takes  place  and  is  accompanied  by  the  phenomenon  of  light. 

An  important  source  of  the  living  energy  developed  in  the  body  is  to  be 
sought  for  in  the  oxidation  effected  by  oxygen  of  strong  potentid  enei^gy, 
but  CLEAVAGE  PROCESSES  are  also  important.  In  these  complicated  chemi- 
cal compounds  are  reduced  to  simpler  ones,  and  therefore  the  atoms  change 
from  a  labile  equilibrium  to  a  stabler  one  and  stronger  chemical  affinities 
are  satisfied,  converting  chemical  potential  energy  into  living  energy  {vis 
viva).  The  best-known  example  of  such  a  splitting  process  outside  of  the 
animal  organism  is  the  ordinary  alcoholic  fermentation  of  dextrose, 
CJI„0,  =  2C0,  +  2C,H,0,  in  which  process  heat  is  set  free.  The  animal 
body  may  also  have  a  source  of  energy  in  the  cleavage  processes  which  are 
not  dependent  on  the  presence  of  free  oxygen.  The  processes  taking  place 
in  the  living  muscle  yield  an  example  of  this  kind.  A  removed  muscle, 
which  gives  no  oxygen  when  in  a  vacuum,  may,  as  Hermann  '  has  shown, 
work,  at  least  for  a  time,  in  an  atmosphere  devoid  of  oxygen,  and  give  off 
carbon  dioxide  at  the  same  time. 

We  call  cleavage  processes  which  are  accompanied  by  a  decomposition  of 
water  and  then  a  taking  up  of  its  constituents  hydrolytic  cleavages.  These 
cleavages,  which  play  an  important  rdle* within  the  animal  body,  and  which 
are  most  frequently  met  with  in  the  processes  of  digestion,  are,  for  example, 
the  transformation  of  starch  into  sagar  and  the  splitting  of  neutral  fata 
into  the  corresponding  fatty  acid  and  glycerin : 

C.H.(C..H..O,).  +  3H,0  =  C.H.(OH).  +  3(C,.H..O.). 

Tristearln  Glycerin  Stearic  acid 

As  a  rule  the  hydrolytic  cleavage  processes  as  they  occur  in  the  animal 
body  may  be  performed  outside  of  it  by  means  of  higher  temperatures  with 
or  without  the  simultaneous  action  of  acids  or  alkalies.  ConsideriDg  the 
two  above-mentioned  examples,  we  know  that  starch  is  converted  into 
sugar  when  it  is  boiled  with  dilute  acids,  and  also  that  the  fats  are  split 
into  fatty  acids  and  glycerin  on  heating  them  with  caustic  alkalies  or  by 
the  action  of  superheated  steam.     The  heat  or  the  chemical  reagents  which 

*  See  M.  Nencki,  Arch,  des  sciences  biol.  dc  St.  Pditrsbourg,  Tome  1,  p.  488. 

*  UntersuchuDgen  Uber  den  Stoffwechsel  der  Muskehi.    Berlin,  1867. 
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are  nsed  for  the  performance  of  these  reactions  would  canse  immediate 
deatli  if  applied  to  the  living  system.  Conseqnently  the  aDinial  organism 
mast  have  other  means  at  its  disposal  which  act  Bimilarly,  hut  in  snch  a 
manner  that  they  may  work  without  endangering  the  life  or  normal  conati- 
tcition  of  the  tissues.  8ach  means  have  heen  recognized  in  the  eo-called 
unorganized  ferments  or  enzymes. 

Alcoholic  fermentation,  as  well  as  other  processes  of  fermentation  and 
putrefaction,  is  dependent  upon  the  presence  of  living  organisms,  ferment 
fangi  and  splitting  fungi  of  dillerent  kinds.  The  ordinary  view,  according 
to  the  researches  of  Pasteur,  is  that  these  processes  are  to  be  considered  as 
phAsefl  of  life  of  these  organisms.  Tlie  name  organized  ferments  or  fermenia 
lias  been  given  to  such  micro-organisms  of  which  ordinary  yeast  is  an 
example.  However,  the  same  name  has  also  been  given  to  certain  bodies  or 
mixtures  of  bodies  of  unknown  organic  origin  which  are  products  of  the 
chemical  work  within  the  cell,  and  which  after  they  are  removed  from  the 
cell  etill  have  their  characteristic  action.  Such  bodies,  for  example  malt 
diastase,  rennln,  and  the  digestive  ferments,  are  capable  in  the  very  smallest 
qaantity  of  causing  a  decomposition  or  cleavage  in  very  considerable 
qoAU titles  of  other  substances  without  entering  into  permanent  chemical 
oombination  with  the  decomposed  body  or  with  any  of  the  cleavage  or 
decomposition  products.  These  formless  or  unorganized  ferments  are 
generally  called  enzymes^  according  to  Kljine. 

I  A  ferment  in  a  more  restricted  sense  is  therefore  a  living  being,  while 
an  enzyme  is  a  product  of  chemical  processes  in  the  cell,  a  prmluct  which 
has  an  individuality  even  without  the  cell,  and  which  may  be  active  when 
sepamted  from  the  cell.  The  splitting  of  invert-sugar  into  carbon  dioxide 
and  alcohol  by  fermentation  is  a  fermentative  process  closely  connected  with 
the  life  of  the  yeast.  The  inversion  of  cane-sugar  is,  on  the  contrary,  an 
enzymotic  process  caused  by  one  of  the  bodies  or  mixture  of  bodies  formed 
by  the  living  ferment,  which  can  be  severed  from  this  ferment,  and  still 
remains  active  even  after  the  death  of  the  latter.  Consequently  ferments 
and  enzymes  are  capable  of  manifesting  a  different  behavior  towards  certain 
chemical  reagents.  TJms  there  exist  a  number  of  substances,  among  which 
we  may  mention  arsenious  acid,  phenol,  salicylic  acid,  boracic  acid,  sodium 
fluoride,  chloroform,  ether,  and  others,  which  in  certain  concentration  kill 
ferments,  but  which  do  not  noticeably  impair  the  action  of  the  enzymes. 

The  above  view  as  to  the  difference  between  ferments  and  enzymes  has 
lately  been  essentially  shaken  by  the  researches  of  E.  Buchneb.'  He  has 
been  able  to  obtain  from  beer-yeast,  by  grinding  and  strong  pressure,  a  cell 
fluid  rich  in  proteid  which  when  introduced  into  a  sohition  of  a  fermentable 


*  £.  Buchner/Ber^  d*  deutscb.  chetn.  QeaeUach.,  Bdd.  SO  and  81  ;  E.  Buchoer  and 
^pp.i^id,,  Bd.  31. 
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Bngar  caased  a  yiolent  fermentation.  The  objections  suggested  from 
several  sides  that  the  flaid  expressed  still  contained  dissolved  living  cell 
substance  has  been  answered  by  several  important  observations  made  by 
E.  and  H.  Buchkeb/  Among  these  observations  we  must  mention  the 
following:  The  active  constituent  of  the  cell  fluid,  zymase^  is  not  influenced 
in  its  action  by  either  chloroform  or  sodium  arsenite  solution  (1^), 
while  these  bodies,  on  the  contrary,  completely  destroy  the  fermentative 
action  of  the  living  yeast-cell.  The  activity  of  the  zymase  is  not  impaired 
by  quantities  of  glycerin,  which  completely  destroy  fermentation  produced 
by  means  of  the  yeast-cell.  According  to  Buchner  alcoholic  fermentation 
is  not  directly  connected  with  the  organized  structure  of  the  cell,  but  pro- 
duced by  soluble  products  secreted  by  the  cells,  or  at  least  separated 
therefrom. 

If  the  conclusions  drawn  by  Buchnbb  from  these  important  researches 
are  correct,  and  if,  as  is  to  be  expected,  it  can  be  applied  to  other  micro- 
organisms, then  we  can  understand  the  action  of  the  above-mentioned  anti- 
fermentative  and  anti-putrefactive  substances  in  that  they  prevent  the 
production*  of  the  active  bodies  by  killing  the  cells  or  crippling  their  func- 
tions.* 

As  the  enzymes  may  act  outside  of  the  cell,  i.e.,  extracellular,  still  this 
does  not  preclude  the  possibility  that  we  may  also  have  enzymes  which 
develop  their  action  within  the  cell  and  are  therefore  intracellular.  As  an 
example  of  such  an  enzyme  we  may  mention  the  enzyme  existing  in  the 
micrococcus  ureae,  which  has  the  power  of  decomposing  urea,  and  also 
another  enzyme,  produced  by  a  bacterium,  which  decomposes  calcium 
formate  into  calcium  carbonate,  carbon  dioxide,  and  hydrogen. 

It  is  doubtful,  indeed  highly  improbable,  whether  it  has  been  possible 
up  to  the  present  time  to  isolate  any  enzyme  in  a  pure  state.  Therefore 
the  nature  of  the  enzymes  and  their  elementary  composition  are  unknown. 
Such  as  have  been  obtained  thus  far  appear  to  be  nitrogenized  and  to  be 
similar  in  some  degree  to  proteid  bodies.  The  enzymes  are  considered  as 
proteid  bodies  by  many  investigators,  but  this  opinion  has  not  sufficient 
foundation.  It  is  indeed  true  that  the  enzymes  isolated  by  certain  investi- 
gators act  like  genuine  proteid  bodies;  but  it  is  undecided  whether  or  not 
the  products  isolated  in  these  instances  were  pure  enzymes  or  were  com- 
posed of  enzymes  contaminated  with  proteids. 


*  H.  Buchoer,  Sitzungsber.  d.  Gesellsch.  f.  Morphol.  u.  Physiol,  in  MUncben,  Bd. 
13,  1897,  Heft  1,  whicb  also  coDtains  tbe  discussion  on  tbis  topic.  See  also  Stavenhagen, 
Ber.  d.  deutsch.  Cbem.  Gesellsch.,  Bd.  80. 

*  The  recent  works  on  tbis  disputed  question  may  be  found  by  referring  to  Abeles, 
Ber.  d.  deutsch.  cbem.  Gesellsch.,  Bd.  81 ;  Buchner  and  Rapp,  ibid,,  Bd.  83;  Wro- 
blewski,  Centralbl.  f.  Physiologie,  Bd.  12. 
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The  eazymes  may  be  extracted  from  the  tisaaes  by  means  of  water  or 
glycerin,  especially  by  the  latter,  which  forms  very  stable  solutions  and 
conseq neatly  tserres  bb  a  means  of  extracting  them.  The  eDzymes^ 
generally  speaking,  do  not  appear  to  be  diffusible.  They  arc  readily  carried 
down  with  other  substances  when  these  precipitate  in  a  finely  divided  3tate» 
and  this  property  ia  extensively  taken  advantage  of  in  the  preparation  of 
pare  eazymea.'  The  property  of  many  enzymes  of  decomposing  hydrogen 
peroxide  is,  according  to  Alex.  Schmidt,  not  dependent  upon  the  enzyme> 

I  bat  is  caused  by  the  contamination  of  the  enzyme  with  conatituents  from 
the  protoplasm.  This  coincides  with  the  observations  of  Jacobsen  '  on 
emnlsin,  pancreas  enzyme,  and  diastaae,  that  the  catalytic  property  may  be 
destroyed  by  proper  means  without  diminishing  the  specific  enzyniotic 
action.  The  continued  heating  of  their  solutions  above  +  SO'  0.  generally 
destroys  most  of  the  enzymes*  In  the  dry  state*  however,  certain  enzymes 
may  be  heated  to  100*^  or  indeed  to  15O''-100''  C.  without  losing  their 
power.     The  enzymes  are  precipitated  from  their  solntions  by  alcohol. 

We  have  no  characteristic  reactions  for  the  enzymes  in  general,  and  each 

enzyme  is  characterized  by  its  specilic  action  and  by  the  conditions  under 

which    it  operates.     But   it  must  be  stated  that,   however  the  different 

enzymes  may  vary  in  action,  they  all  seem  to  have  this  in  common,  tliat  by 

their  presence  an  impulse  is  given  to  split  more  complicated  combinations 

M  into  simpler  ones,  whereby  the  atoms  arrange  themselves  from  an  unstable 

^Keqniiibrinm  into  a  more  stable  one,  chemical  tension  is  transformed  into 

^■living  force,  and  new  products  are  formed  with  lower  heat  of  combustion 

B  than  the  original  substance.     The  presence  of  water  seems  to  be  a  necessary 

I  factor  in  the  perfection  of  such  decompositiona,  and  the  chemical  process 

aeems  to  consist  in  the  taking  up  of  the  elements  of  water. 
'^m  The  action  of  the  enzymes  may  be  markedly  iutlnenced  by  external  con- 
^Pilitions.  The  reaction  of  the  liquid  is  of  special  importance.  Certain 
enzymes  act  only  in  acid,  others,  aud  the  majority,  on  the  contrary,  act  only 
in  neutral  or  alkaline  liquids.  Certain  of  them  act  in  very  faintly  acid  as 
well  as  in  neutral  or  alkaline  solutions,  but  best  at  a  specific  reaction.  The 
temperature  exercises  also  a  very  important  inlluence.  In  general  the 
activity  of  enzymes  increases  to  a  certain  limit  with  the  temperature.  This 
limit  is  not  always  the  same,  but  depends,  like  the  destructive  action  of 
high  temperatures,  essentially  upon  the  quantity  of  enzyme  and  other  con- 
ditions.*    The  prodacta  of  the  enzymotio  prooesaes  exercise  a  retarding 


'       »  Brftckc,  Wiener  Sitzuugabericbt,  Bd.  U. 
»  AL    SrlijuiiU,   Zur  Blutlebre.      Ldpzlg; 
Chemie,  Bd.  16,  S.  340. 

*  TamnmnD,  Ztritscbr.  f.  pbyaiol.  Cbem..  Bd 
Bd.  59. 


1851. 

1802  ;-^Fiicobsen,    Zeitscbr.    f.   pbysloh 

10,  S.  371  i  Puglksie,  PflQgcr's  Arch., 
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inflaence  in  proportion  as  they  accnmalate.  Additions  of  yarions  kinds 
may  have  a  retarding  and  others  an  accelerating  action.' 

An  enzyme  considered  in  the  proper  sense  is  one  which  has  the  property 
of  producing  hydrolytic  cleavage.  The  three  most  important  groaps  of 
these  are  the  amy  My  tic  or  diastatic,  the  proteolytic  or  those  converting 
proteids  into  soluhle  modifications,  and  the  steatolytic  or  fat-splitting 
enzymes.  InvertiUy  which  splits  disaccharides  into  monosaccharides, 
beloQgs  to  the  true  enzymes,  also  the  urea-  splitting  and  glucoside'Splitting 
enzymes,  which  occur  especially  in  higher  plants.  The  proteid-cooffulating 
enzymes  occupy  a  special  position  amongst  the  enzymes.  The  mode  of 
action  of  these  enzymes,  amongst  which  we  reckon  chymosin  (rennin),  or 
casein-coagulating,  and  fibrin  ferment,  or  blood -coagulating,  is  still  less 
known  than  the  others.  It  is  rather  generally  admitted  that  we  here  also 
have  to  deal  with  a  hydrolytic  cleavage,  but  still  this  has  not  been  positively 
confirmed. 

We  are  still  in  the  dark  in  regard  to  the  manner  in  which  these  enzymes 
act.  Starting  with  the  assumption  that  when  the  free  ions  are  set  free  by 
the  action  of  enzymes  the  electrical  conductivity  of  the  water  must  be  raised^ 
0.  Nasse'  experimented  with  soluble  starch,  partly  boiled  and  partly 
unboiled,  and  diastase,  and  determined  the  resistance  according  to  Kohl- 
rausch's  method  and  observed  a  considerable  increase  in  the  conductivity 
of  the  active  diastase  solutions.  The  enzymes  by  their  action  show  in  many 
regards  a  great  similarity  to  so-called  catalytic  or  contact  action,  and  it  is 
the  generally  accepted  view  that  the  enzyme  action  consists  of  a  transfer  of 
movement  to  the  substance  to  be  split. 

As  above  stated,  the  enzymes  are  of  great  importance  for  the  chemical 
processes  going  on  in  the  digestive  tract,  but  we  have  to  add  that  the 
results  of  their  action  are  greatly  complicated  by  processes  of  putrefaction 
which  take  place  in  the  intestine  at  the  same  time,  and  which  are  caused  by 
micro-organisms.  Micro-organisms  therefore  exercise  a  certain  influence  on 
the  physiological  processes  of  the  animal  body.  These  organisms,  when 
they  enter  the  animal  fluids  and  tissues  and  develop  and  increase,  are  of  the 
greatest  pathological  importance,  and  modern  bacteriology  in  relation  to  the 
doctrine  of  infectious  diseases,  founded  by  Pasteur  and  Koch,  gives 
efficient  testimony  to  these  facts. 

Putrefaction  caused  within  the  animal  fluids  and  tissues  by  lower 
organisms  may  produce,  among  others,  combinations  of  a  basic  nature. 
Such  bodies  were  first  found  by  Selmi  in  human  cadavers,  and  called  by 
him  cadaver  alkaloids  or  ptoynaines.     These  ptomaines,  which  have  been 


»  Fermi  and  Pernossl,  Zeitschr.  f.  Hygiene,  Bd.  18.    An  index  of  the  literature  on 
enzymes  may  be  found  v.  in  Moraczewski,  Pfltlger'a  Arch.,  Bd.  69. 
•  Rostocker  Ztg..  1894. 
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isolated  from  cftdavera  and  some  from  putrefying  proteid  miitnres,  liav© 
been  closely  studied  by  Sklmi,  BrtiEQER»  and  Gautier  '  and  are  conBideied 
as  products  of  chemical  processes  caused  by  putrefaction  microbes.  The 
first  ptomaine  to  be  analyzed  wa*s  eoUidiu^  C,II,,N,  obtained  by  Nencki/ 
on  the  putrefaction  of  gelatin  with  pancreas.  Since  then  many  j)tomainea 
^  ha^e  been  analyzed  by  Oautier  and  especially  by  Bkiegek,  Certain  of 
0  the  ptomaines  originate  undoubtedly  from  lecithin  and  other  so-called 
extractiv^es  of  the  tisBues,  but  the  majority  seem  to  be  derived  from  the 

P  protein  substances  by  decompoaition. 
Some  ptomaines,  although  all  belong  to  the  aliphatic  series,  contain 
oxygen,   and   others  are   free   from   oxygen.     The   majority  of   the  true 
^ptomaines  belong  to  the  latter  group.     Most  of  the  ptomaines  isolated  by 
^Bbiegeb  are  diamines  or  compounds  derived  from  the  same.     Amongst  the 
diamines  we  have  two,  cadaverin^  or  pentamethylendiamln,  C\H^^N, ,  and 
puirescin^oT  tetramethylondiamin,  C\H,,N, ,  which  are  of  special  interest 
beoaaee  they  have  been  found  in  the  intestinal  tract  and  urine  in  c-ertain 
Hpathological  conditions,   namely,    cboiera  and   cystinuria/     Some  of   the 
Hfptemaines  are  exceedingly  poisonons,  while  others  are  not.     The  poisonona 
H0Q66  are  called  toxines^  according  to  the  suggestion  of  Biueger. 
H        The  formation  of  snch  toxines  in  the  decompositions  caused  by  putrefac- 
^tive  microbes  makes  it  probable  that  the  lower  organisms  acting  in  infectious 
dlaeasee  also  produce  poisonous  substances  which  may  cause  by  their  action 
the  symptoms  or  complications  of  the  disease.     Briefer,  who  has  become 
prominent  by   his  study  of  this   subject,   has  been  able  to   isolate   from 
typhoid  cultures  a  substance  called  typhoioxin^  which  has  a  poisonous  miction 
Hjon  animals;  and  he  has  also  prepared  another  sohstance,  teianin^  from  the 
^^ amputated  arm  of  a  patient  with  tetanus,  animals  Inoculated  with  which  die 
exhibiting  symptoms  of  developed *tetanoB.* 

I  As  above  stated,  the  chemical  processes  in  animals  and  plants  do  not 
atand  in  opposition  to  each  other;  they  offer  differences  indeed,  but  still 
they  are  of  the  same  kind  from  a  qualitative  standpoint,  pFLUrjER  saya 
that  there  exists  a  bloo<i-relationship  between  all  living  cells  of  the 
animal  and  vegetable  kingdoms,  and  that  they  originate  from  the  same 
root;  and  if  the  unicellular  plant  organisms  can  decompose  protein  sub- 


^  Seltni,  Siille  ptomaine  od  alalcoldl  cadaverld  e  loro  importanza  in  tossicologia* 
iBologun,  1878,    Ber  d.  deulsch.  cUem,  Geaellsch.,  Bd.  11.    CorreapoDd.  by  IT.  Scliiff  ; — 
f  Brieger,  Ueber  Ptomaine,  Parts  1,  2.  and  3.     Berlin,  1885-1886  ;— A.  Gftuiier,  Traitu  de 
chttnie  appliquet?  \  1h  pbysiulogie.  Tome  2,  1878.     Campt  reodus,  Tome  94. 

•  Ueber  die  Zerselzung  dcr  Qelatlae,  etc.     Bern,  1876. 

*  Brleger.  Berllu.  kMn.   Wochenschr..   1887;  Batimanu  and  Udraasky,  Zeitachr.  f. 

[pbfiiol  Cliem,,  Bdd.  13  and   15;  Brieger  and  Stadthageu,  Berlin,  kliu.  WoclienacLr., 
1889. 


*  Brieger,  Vircbow's  Arch.,  Bdd.  112  and  115. 
W.,  1889,  and  Berl,  kliu.  Wocbeosclir.,  1888. 


Also  Sltzuugsbcr.  d.  Berl.  Akjid.  d. 
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stances  in  sacb  a  manner  as  to  prodace  poisonoas  substances,  why  shonld 
not  the  animal  body,  which  is  only  a  collection  of  cells,  be  able  to  produce 
under  physiological  conditions  similar  poisonous  substances?  It  has  been 
known  for  a  long  time  that  the  animal  body  possesses  this  ability  to  a  great 
extent,  and  as  well-known  evidence  of  this  ability  we  may  mention  various 
nitrogenized  extractives  and  poisonous  constituents  of  the  secretions  of 
certain  animals.  Those  substances  of  basic  nature  which  are  incessantly 
and  regularly  produced  as  products  of  the  decomposition  of  the  protein 
substances  in  the  living  organism,  and  which  therefore  are  to  be  considered 
as  products  of  the  physiological  exchange  of  material,  have  been  called 
leucomaines  by  Gautier  *  in  contradistinction  to  the  ptomaines  and  toxines 
produced  by  micro-organisms.  These  bodies,  to  which  belong  several  well- 
known  animal  extractives,  were  isolated  by  Gautier  from  animal  tissues 
such  as  the  muscles.  The  hitherto  known  leucomaines,  of  which  a  few  are 
poisonous  in  small  amounts,  belong  to  the  cholin,  the  uric  acid,  and  the 
creatinin  group. 

The  leucomaines  are  considered  as  being  of  certain  importance  in  caus- 
ing disease.  It  has  been  contended  that  when  these  bodies  accumulate  on 
account  of  an  incomplete  excretion  or  oxidation  in  the  system,  an  auto- 
intoxication may  be  produced  (Bouchard*  and  others). 

The  toxines  and  the  poisonous  leucomaines  are,  however,  neither  the 
only  nor  the  most  active  poison  produced  by  the  plant  or  animal  cell. 
Later  investigations  have  shown  that  certain  plants  as  well  as  animals  can 
produce  proteids  which  are  exceedingly  poisonous.  Such  poisonous  proteids 
have,  for  example,  been  isolated  from  the  jequirity  and  castor  beans,  as  also 
from  the  venom  of  snakes,  spiders,  and  other  animals.  The  toxic  proteids 
produced  by  pathogenic  micro-organisms  are  of  special  interest.  Bodies 
have  been  isolated  from  the  cultures  of  various  pathogenic  microbes  which 
are  exceedingly  poisonous  and  which  reproduce  the  symptoms  of  infection 
more  exactly  than  the  toxines.  These  bodies,  whose  proteid  nature  is  still 
questioned,  have  been  called  tozalbumins  by  Briefer  and  Frankel. 

It  is  of  great  interest  that  we  know  also  of  proteid  bodies  such  as  the 
so-called  alextnes  in  the  blood-serum,  which  have  a  germicidal  or  bacteri- 
cidal action.  On  the  other  hand  we  also  have  bodies  of  an  alleged  proteid 
nature  which  produce  an  immunity  in  the  animal  body  against  infection 
with  a  certain  microbe  or  protection  against  the  poison  produced  by  the 
same  microbe,  so-called  antitoxins.  The  great  importance  of  these  observa- 
tions is  apparent,  but  as  it  is  not  within  the  range  of  this  book  we  will  not 
further  discuss  the  subject. 


*  Bull.  80C.  cbim.,  43,  and  A.  Qautier,  Sur  lea  alcaloTdes  derives  de  la  destruction 
bactericnne  ou  pkysiologique  des  tissus  animaux.     Paris.  1886. 

*  Bouchard ,  Le9on8  sur  Icb  uuto-intoxications  dans  les  maladies.     Paris,  1887. 


CnAPTEK  II. 


THE  PROTEIN  SUBSTANCES. 


The  chief  mass  of  the  organic  constituentd  of  animal  tissnes  consists  of 
amorphous,  nitrogenized,  Tery  complex  bodies  of  high  molecular  weight, 
These  bodies,  which  are  either  proteids  in  a  special  sense  or  bodies  nearly 
slatetl  thereto*  take  first  rank  among  the  organic  conBtitaentsof  the  animal 
body  on  acconnt  of  their  great  abundance.  For  this  reason  they  are  classed 
together  in  a  special  grotip  which  has  received  the  name  protein  (/roup 
(from  7rpoDT€v0^  I  am  the  fijet,  or  take  the  first  place).  The  bodies 
belonging  to  these  several  groups  are  called  protein  suhstancea^  although  in 
,  few  cases  the  proteid  bodies  in  a  special  Bcnjse  are  designated  by  the  same 

The  several  protein  substances  contain  carbon^  hydrogen^  niirogen^  and 
ryffen.  The  majority  contain  also  sulphur^  a  few  phosphor  us,  and  a  few 
also  iron.  Copper^  iodine,  and  bromine  have  been  found  in  some  few  cases. 
On  beating  the  protein  snbstances  they  gradnally  decompose,  producing 
inflammable  gases,  ammoniac^l  compounds,  carbon  dioxide,  water,  nitrogen- 
ized  bases,  as  well  as  many  other  bodies,  and  »t  the  same  time  they  emit  a 
strong  odor  of  burnt  horn  or  wool.  On  deep  cleavage  with  acids  they  all 
yield,  besides  nitrogenoua  bases,  abundance  of  monoamido  acids  of  different 
kiuils,' 

It  is  at  present  impossible  to  decide  on  a  classification  of  the  protein 
ibfitanoes  based  npon  their  properties,  reactions,  and  eonatitution,  as  well 
npon  their  solnbillties  and  precipitations,  corresponding  to  the  demands 
of  nfience.  The  beat  classification  is  perhaps  the  following  systematic 
eammarf  of  the  better  known  and  studied  animal  protein  substaores,  dne 
rbiefly  to  Uoppe-Seyler  and  Dkecosel.' 


^  AoronHnir  U>  the  view  generally  accepted  up  to  the  present  time  only  iboiic  sub* 
I  are  caHed  true  proteins  wbicb  ftlao  yielded  monoamido  aci'la  on  cleavage,     Tho 
pmUniitis  will   Iberefoie  be  di^*u»s«fl  tk^nn  appfudix  to  ibe  protein  subalancL-s. 

^  See  '^Eiwelsskflrper,"  Ladenbtirg's  HandwOrterbucU  dt'rCbemie.  Bd.  3*  S.  534-589, 
which  glTes  ft  very  complete  summary  of  bhe  Hterftlure  of  protein  substauces  tip  to  1885. 

.         IS 
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TEE  PROTEIN  8UB8TAN0E3. 


I.  Simple  Froteids  or  Albominoua  BodiM. 

f  Seralbumin^ 

(  Albumins •<  Ovalbumin^ 

(  Lactalbumin. 

Fibrinogen^ 

Myosin^ 

Musculin^ 
.  Crystallin, 
j  Caseiuy 

\  Ovovitellin  (f),  and  others. 
j  Acid  albumiiiate^ 
\  Alkali  albuminate. 
Albumoses  (and  Peptones). 

Coagulated  Proteids. . .  i  ^^*^*^» 

(  Proteids  coagulated  by  heat,  and  others. 


Olobnlins. 


Nuoleo-albamins . 


Albuminates 


Heemoglobins. 
Olycoproteids  . 


Nuoleoproteids. 


II.  Compound  Proteids. 


Mucins  and  Mttcinoids 

Hyalogetisiy 

Amyloid^ 

Ichthuliny  and  others. 

Helicoproteid. 
j  Nucleohistony 
{  Cytoglobin,  and  others. 


III.  Albumoids  or  Albuminoids. 

Keratin. 

Elastin. 

Collagen. 

Eeticulin. 

(Fibroin,  Serioin,  Cornein,  Spongin,  Conohiolin,  Byitni,  and  others.') 

To  this  summary  must  be  added  that  we  often  find  in  the  investigations 
of  animal  fluids  and  tissues  protein  substances  which  do  not  coincide  with 
the  above  scheme,  or  do  so  only  with  difficulty.  At  the  same  time  it  must 
be  remarked  that  bodies  will  be  found  which  seem  to  rank  between  the 
different  groups,  hence  it  is  very  difficult  to  sharply  divide  these  groups. 

*  The  classification  of  the  proteins  is  a  very  difflcult  task,  and  no  one  has  up  to  the 
present  time  been  able  to  suggest  such  a  classification  free  from  exceptions.  Under  these 
circumstances,  and  as  it  appears  desirable  not  to  enlarge  upon  the  existing  uncertainty  of 
the  nomenclature  in  use,  the  author  considers  it  unnecessary  to  change  the  above  sum- 
mary. In  regard  to  other  classifications,  see  Neuraeister,  Lehrbuch  der  pbysiol.  Chem., 
2.  Aufl.,  1897,  and  Wr6blewBki,  Ber.  d.  deutsch.  chem.  Oesellsch.,  Bd.  80. 
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I.  Simple  Proteids  or  Alboiiiiiious  Bodies. 

The  simple  proteids  are  neyer-failing  constitaents  of  the  animal  and 
Tegetable  organisms.  They  are  eflpecially  found  in  the  animal  body,  where 
they  form  the  solid  eonstitaenta  of  the  moscles,  glands,  and  the  blood- 
semm,  and  they  are  so  generally  dtstribated  that  there  are  only  a  few 
animul  secretions  and  excretions,  sacli  as  the  tears,  perspiration,  and  perhaps 
nrine,  in  which  they  are  entirely  absent  or  otily  occur  as  traces. 

All  albuminous  bodies  contain  carbon^  hydroffen,  nitrogen^  oxygen^  and 
sulphur  ;  '  a  few  contain  also  phosphorus.  Iron  is  geoerally  found  in  traces 
in  their  ash,  and  it  seems  to  be  a  regular  constituent  of  a  certain  group  of 
the  albnminous  bodies,  namely,  the  nQcleo-albumins*  The  composition  of 
the  different  albuminous  bodies  varies  a  little^  but  the  variations  are  within 
relatively  close  limits.  For  the  better  studied  animal  proteids  the  following 
I     composition  of  the  ash-free  substance  has  been  given: 

H  C .  - . , 50.6   —54,5  per  cent. 

B     '  H 6.5   —   7.3       *' 

^^^^  N. .  15.0   —  17.G 

^^^H  — 

^^^H  F.  .  .  (3,42  —   0.85 

^^^*^  0 . ...,,.-,-    21.50  —  23.50      *• 

^"       A  part  of  the  nitrogen  of  the  proCeid  molecule  is  easily  split   off  as 

ammonia  by  the  action  of  alkalies  (Nasbe).     By  the  action  of  nitrons  acJd 

on  protein  substances  only  a  very  small  part,  ]~i  p.m.,  of  the  nitrogen 

^-is  expelled,  showing  that  only  a  small  part  thereof  exists  as  amido  groopa  in 

^frlhe  protein  molecule.*     IIal:shanx'  has  conducted  investigations  to  show 

the  distribution  of  the  nitrogen  in  the  proteid  molecule.    After  boiling  with 

^^hydrochloric  acid  he  determined  the  amiil  nitrogen  determinable  as  ammonia 

^f{a)t   then  the  nitrogen  of  the  diamido    bodies   precipitable  by  phospho- 

tnngBtic  acid  (^),  and  the  non-precipi table  nitrogen  of  the  nionaraido  acids. 

^He  found  the  following  percentages  of  the  total  nitrogen: 

II  b  c 

In  crystallized  ovalbumin .  ,  . .     8.53  21,33  67.80 

**  seralbumin  . , ......     8.90  24.95  68,28 

*'  casein.....  ......    .,        13.37  11.71  75.98 

«*  gelatin. ,..      l.Gl  35.83  G2.56 

•  An  exception  is  fouod  iti  tbt^  mytoproleln  of  putrefjictlon  bncterhi  and  (he  anthrax- 
iiti   of   ihe  aulUrux   bucillus,   wiiielt  an*  sulpijur  free  proteids.     See  Nencki  and 

[8r.bafFer,  Joum.   f.  prakt,  Chem.,  Bd.  20  (N.  F,).  and  Nencki,  Ber.  tl.  detiUch.  chem. 
'<Je»elIsch..  m,  17. 

*  See  Niiase.  FtWlger'n  Arch.»  Bd.  6  i  Paal,  Ber.  d.  detuscb.  cbem.  Gesellscb.,  Bd.  29; 
Schiir.  and,,  S.  1354,  aud  O.  Loew.  CliemiktT  Zeit,,  1896. 

» Zeitscbr.  f.  pbyslol.  Cbem,.  Bd.  27. 
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He  fonnd  approzimaUIy  1-2^  amid  nitrogen  in  trne  proteids,  whicb 
is   in   accordance  with   the  results  of    other    investigators.     A    part   of 
the  sulphur  separates  as  potassium  or  sodium  sulphide  on  boiling  with 
caustic  potash  or  soda,  and  may  be  detected  by  lead  acetate  (Fleitkakn, 
Dak^ilewsky,   Krijger,   Fr.    Schulz*).      What    remains    can    only  be 
detected  after  fusing  with  nitre  and   sodium  carbonate  and  testing  for 
sulphates.     The  relationship  between  the  sulphur  split  off  by  alkali  to  that 
not  split  off  is  different  in  various  proteids.     In  most  proteids  thus  far 
investigated  the  quantity  of  sulphur  which  can  be  split  off  amoants  to  a 
little   less  than   one  half  of  the  total  sulphur  (Schulz).      The  proteid 
molecule  therefore  contains  at  least  2  atoms  of  sulphur.     The  molecular 
weight  of  the  proteids  is  hard  to  determine  accurately,  and  the  results  given 
for  the  same  proteid,  by  various  investigators,  are  often  contradictory. 
The  molecular  weight  is  generally  very  high.     For  the  alkali  albuminate^ 
in  whose  formation  from  native  proteid  a  part  of  the  nitrogen  and  sulphur 
is  split  off,  LiEBERKUHN  has  given  the  formula  C„H,,,N„SO„.     In  regard 
to  the  elementary  formulsa  of  proteids  see  Schmiedeberq.' 

The  constitution  of  the  proteid  bodies,  notwithstanding  numerous 
investigations,  is  still  unknown.  By  heating  proteids  with  barium  hydrate 
and  water  in  sealed  tubes  at  150°-200°  C.  for  several  days,  SchiJtzex- 
berger  *  obtained  a  number  of  products  among  which  were  ammonia, 
carbon  dioxide,  oxalic  acid,  acetic  acid,  and,  as  chief  product,  a  mixture  of 
amido-acids.  This  mixture  contained,  besides  a  liftle  tyrosin  and  a  few 
other  bodies,  chiefly  acids  of  the  series  C^H,^+iNO,  {leucines)  and 
C„n,„-iNO,  {leuceines).  The  leucines  and  leuceines  are  formed  from  more 
complicated  substances,  with  the  general  formula  C^H,^N,0^ ,  by  hydrolytic 
splitting.  These  substances  are  called  glucoprbteins  by  SchOtzenbergeb 
on  account  of  their  sweet  taste.  The  sulphur  of  the  proteids  yields 
sulphites.  The  three  bodies,  carbon  dioxide,  oxalic  acid,  and  ammonia, 
are  formed  in  the  same  relative  proportion  as  in  the  decomposition  of  urea 
and  oxamid;  therefore  Schutzekberger  suggests  that  perhaps  proteid 
may  be  considered  as  a  very  complex  ureid  or  oxamid.  Such  a  conclusion 
cannot  be  derived  from  the  above  decomposition  processes  for  several 
reasons. 

On  fusing  proteids  with  caustic  alkali,  amn.onia,  methyl-mercaptan,. 
and  other  volatile  products  are  generated;  also  leucin,  from  which  then 
volatile  fatty  acids,  such  as  acetic  acid,  valerianic  acid,  and  also  butyric 

*  Fleitmann,  Annal.  der  Chem.  uud  Phnrm..  Bd.  66;  Danilewsky,  Zeitscbr.  f.  pby- 
siol.  Chem.,  Bd.  7  ;  KrQger.  PflUger's  Arcbiv,  Bd.  43  :  F.  Scbulz,  Zeitscbr.  f.  physiol. 
Cbem.,  Bd.  25.  See  ateo  Suter,  ibid.,  Bd.  20,  and  Drechsel,  Centralbl.  f.  Phjrsiol.,  Bd. 
10,  S.  529,  in  regard  to  forms  of  binding  of  the  sulphur. 

•  Arch.  f.  exp.  Path.  u.  Pharm.,  Bd.  89. 

'  Annal.  de  Cbim.  et  Phys.  (5),  16,  and  Bull,  soc  chim.,  28  and  24. 
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acid,  are  formed;  and  tyrosin,  from  which  later  phenol,  indoU  and  skatol 
are  produced-  On  boiling  with  mineral  acids  (or  still  better  by  boiling 
with  hydrocliloric  acid  and  tin  chloride,  Hlasiwetz  and  Habermann  '), 
the  proteida  yield  amido-acids,  each  as  lencin,  aspartic  acid,  glutamic  acid, 
and  tyrosin  (and  from  Tegetable  albomin  Schulze  and  Barbteri"  obtained 
-phenylamidopropionjc  acid),  also  anlphuretted  hydrogen,  ethyl  sulphide 
Drechsel*),  lencinimid,*  ammooia,  and  nitrogenous  bases  (Drechsel). 

Amongst  the  baees  obtained  by  Dreousel*  from  casein,  and  by  hia 
pupils  E.  Fischer,  >L  Sieufrieu,  and  S.  IIedin  from  other  proteids  and 
gelatin  on  boiling  with  hydrochloric  acid  and  tin  chloride,  we  have  one 
haTing  the  formnla  C,lIj,N,0,  or  CJI^^K^O  +  lI,/3,  which  seems  to  be 
Iiomologoos  to  creatin  or  creatinin  and  called  h/sa(in  or  hjmtinin  by 
Drechsel.  Another  substance,  called  lysin^  has  the  formula  <^',1I,^N,0,. 
From  its  formnla  we  find  that  it  is  homologous  with  oniithiHy  C^II,,N,0^ 
AFFE),  which  it  resembles  in  certain  respects  (see  Appendix  to  this 
pter). 

Besides  these  aboTe-mentioned  bases  Hedin  has  obtained  as  cleavage 

redacts  of  different  protein  substances  the  bases  arginin^  C\n,,X^O, ,  first 

lated  by  Scuulze  and  Steiger  from  etiolated  lupin  and  pumpkin  seeds 

d    also    histidin^    C,11,N,0, ,    prepared    by    Kossel     from    protamins* 

REcnsEL  has  also  found  diami do-acetic  acid  among  the  cleavage  proilncts 

casein.     On  boiling  with  baryta-water  both  lysatinin  and  arginin  yield 

among  the  other  cleavage  products,  and  it  is  tlierefore  possible  to 

repare  urea  from  proteid  by  hydrolysis,  without  oxidation,  making  use  of 

ba^s  as  intermediary  steps. 

On  the  cleavage  of  the  proteid,  globy»^  contained  in  the  haemogiobin 

molecule,  with  hydrochloric  acid,  Proscher*  was  able  to  r^ain  about  one 

half  of  the  carbon,  about   one  half  of  the  nitrogen,  two   thirds  of  the 

hydrogen,  and  a  little  more  than  one  lialf  of  the  oxygen  as  tangible  cleavage 

roducts.    On  the  other  hand  R.  ConN  ^  has  been  successful  in  gaining  aliout 

i>t.8,<  of  the  proteid  (casein)  as  crystallizable  or  tangible  cleavage  proUuots 

n  his  investigations  on  the  quantitative  proteid  cleavage  with  liydrochloric 


^  Annul,  d.  Chenu  u.  Phtirtn,,  Bdd.  150  nnd  im, 

'  Ber,  A.  deulsch.  cliem,  Gesellgcb,,  Bd.  16. 

«  Centmlbl.  f.  PbysioL.  Bd.  10. 

*  See  liitibaUKeu,  Ber.  d.  deutscb.  chcm.  Qesellscb.,  Bd*  39.  and  H.  Cotin,  Zeitscbr. 
f|.  phjaioL  Cbem,.  Bd.  23, 

^  SitxuagKber.  d.  malb.-pbys.  Klossed.  k.  aacbs.  Gesellacli.  d.  WisseDacbuften,  1889, 
lu  the  memoir  *' Der  Abbau  der  ElwcisssiolfL'.*'  Du  Boia-Keymond'a  Arch..  1*^91, 
Drecbdel  givcss  a  good  review  of  bis  own  mvestijjatious  nod  of  (Ijose  of  bis  pupiJ**, 
Fbcber,  Siegfried,  and  Hedin,  The  lll^rfttum  of  tbe  above-meniioned  bases  will  be 
^veo  m  the  Appendix  to  ibis  Chiipter, 

» Zeilecbn  f.  pbysiol.  Cbem,,  Bd*  37. 

1  Ibid.,  Bd.  26. 
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acid.  He  approximately  calculated  the  lencin  as  40-50^  and  the  glutamic 
acid  30^.  He  obtained  strikingly  small  qaantities  of  basic  products.  He 
also  found  CO,  and  oxalic  acid  among  the  cleavage  products  of  proteids 
with  acid. 

Proteids  are  decomposed  by  the  action  of  proteolytic  enzymes  in  the 
presence  of  water.  First  proteid  bodies  of  lower  molecular  weight  are 
formed — albumoses  and  peptones — and  then  on  further  decomposition 
amido-acids  sach  as  lencin,  tyrosin,  and  aspartic  >acid.  Both  lysin, 
lysatinin,  arginin,  and  histidin  may  be  produced  on  far-reaching  decomposi- 
tion (in  tryptic  digestion).  On  the  extensive  decomposition  a  chromogen 
may  also  be  formed,  which  gives  a  violet  color  with  chlorine-  or  bromine- 
water.  This  chromogen,  which  is  formed  in  all  far-reaching  decompositions 
of  proteids  where  leucin  and  tyrosin  are  formed,  is  called  proteinochromogen 
by  Stadelmann,  and  tryptophan  by  Neumeister.  Nencki  *  considers  this 
chromogen  as  the  mother-substance  of  various  animal  pigments. 

A  great  many  substances  are  produced  in  the  putrefaction  of  proteids. 
First  the  same  bodies  as  are  formed  in  the  decomposition  by  means  of 
proteolytic  enzymes  are  produced,  and  then  a  further  decomposition  occurs 
with  the  formation  of  a  large  number  of  bodies  belonging  to  both  the 
aliphatic  %nd  aromatic  series.  Belonging  to  the  first  series  we  have 
ammonium  salts  of  volatile  fatty  acids,  such  as  caproic,  valerianic,  and 
butyric  acids,  also  succinic  acid,  carbon  dioxide,  methane,  hydrogen, 
sulphuretted  hydrogen,  methyl-mercaptan,  and  others.  The  ptomaines  also 
belong  to  these  products  and  are  probably  formed  by  very  different  chemical 
processes  or  even  syntheses. 

£.  Salkowski  divides  the  putrefactive  products  of  the  aromatic  series 
into  three  groups:  (a)  the  phenol  group,  to  which  tyrosin,  the  aromatic 
oxy-acids,  phenol,  and  cresol  belong;  {b)  the  phenyl  group,  including 
plienylacetic  acid  and  phenylpropionic  acid;  and' lastly  {c)  the  indol.gronp, 
which  includes  indol,  skatol,  and  skatolcarbonic  acid.  These  various 
aromatic  products  are  formed  during  the  putrefaction  with  access  of  air. 
Nencki  and  Bovet'  obtained  only  p. -oxy phenylpropionic  acid,  phenyl- 
propionic  acid,  and  skatolacetic  acid  on  the  putrefaction  of  proteids  by 
ana43robic  schizomycetes  in  the  absence  of  oxygen.  These  three  acids  are 
produced  by  the  action  of  nascent  hydrogen  on  the  corresponding  amido- 
acid,  namely,  tyrosin,  phenylamidopropionic  acid,  and  skatolamidoacetio 
acid,  and  these  three  last-mentioned  amido-acids  exist,  according  to 
Nencki,  preformed  in  the  proteid  molecule. 

^  Stadelmann,  Zeilschr.  f.  Biologic,  Bd.  26;  Neumeister,  ibid.,  Bd.  26.  S.  829 ; 
Nencki,  Schweizer.  Wochenschr.  f.  Pharmacie,  1891,  and  Bcr.  d.  dcutscb.  chem.  Ge- 
sellsch..  Bd.  28. 

*  Salkowski,  Zeitschr.  f.  physiol.  Cbem.,  Bd.  12,  S.  215  ;  Nencki  und  Bovet,  Monato- 
heft.  f.  Chem..  Bd.  10. 
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On  distillation  with  ealphnric  acid  the  proteids  yield  a  little  forfurol, 
^hlch  iodicates  the  presence  of  a  carbohydrate  group  iti  the  proteid  mole- 
ctde.  According  to  Pavy  even  a  carbohydrate,  which  he  considers  as 
animal  gam,  can  be  split  off  from  ovalbumin,  and  from  this  a  redacing  sub- 
Btance  is  formed  on  boiling  with  an  acid.  Thia  so-called  carbohydrate  is, 
according  to  Weydemank,  certainly  a  nitrogenous  aabstance,  but  Pavy  has 
Buoceeded  in  obtaining  the  redcicing  sobstance  directly  from  ovalbumin  by 
boiling  with  acid,  and  has  prepared  an  osazon  therefronL  This  oaazon, 
whose  melting-point  is  182°-185'*,  has  been  prepared  by  Krawkow  '  from 
certain  other  proteida,  amJ  he  therefore  concludes  that  the  carbohydnite 
gronp  of  the  varioos  proteids  is  the  same*  The  fact  that  a  redncing  citrbo- 
hydrate  can  be  eplit  off  from  certain  proteids,  althongh  small  in  amount, 
has  been  positively  confirmed.  Tiie  splitting  off  of  a  carbohydrate  is  not 
possible  from  several  pure  proteids,  sach  as  casein^  vitellin,  myosin,  and 
fibrinogen.  Up  to  the  present  time  it  has  been  possible  only  when  impure 
proteids,  such  as  fibrin,  or  mixtures  of  varioaa  protein  substances,  such  as 
Jactalbumin,  ovalbumin,  or  seralbumin  were  nsed.  As  example  we  may  state 
hat  Spekzee,  as  well  as  K.  Morner,  was  unable  to  prepare  a  reducing 
carbohydrate  from  specially  purified  ovalbumin,  while  other  investigators 
claim  to  have  obtained  said  sabstance.  This  circumstance  can  perhaps  be 
explained  by  the  fact  that  the  egg-albumin  is  a  mixture  of  several  sub- 
tances,  among  which  is  a  glycoproteid,  which  has  been  prepared  in  a  cryst^il- 
ine  state  from  ovalbumin  by  IIofm bister/  The  important  qnestion 
whether  a  carbohydrate  group  can  be  split  off  from  pure  proteids  not 
contaminated  with  glycoproteids  requires  further  proof • 

EiriiiiuLZ  *  has  prepared  an  osazon  from  ovalbumin,  which  has  a  melting- 
point  of  202**-206**,  while  he  was  unable  to  prepare  an  osazon  from  either 
casein  or  seralbumin.  <!)sazona  have  been  prepared  by  Blum  e nth  a  l  and 
Meyer*  from  ovalbumin  and  also  from  the  proteid  of  the  yolk  by  boiling 
with  acids.  The  osazon  from  the  yolk  had  a  melting-point  of  203 ""  and  was 
Isevo-rotatory,  while  that  from  ovalbumin  melted  at  2U0'*-2U5°  and  showed 
no  positive  Isevo-rotatory  power.  These  investigators  do  not  consider  tJje 
carbohydrate  split  off  as  an  integral  constituent  of  the  proteid  molecule. 
They  rather  consider  the  proteids  yielding  carbohydrates  as  glycoproteids, 
and  this  view  is  also  accepted  by  Eichholz.     J.  Seemann  '  obtained  {^% 

*  Pavy,  Tbe  Pbysujlogy  of  the  Carboliyd rates,  Londoo,  1894  ; — Wtiydemaun, 
"Dehor  dea  sog.  ibieHsuhc  Qiimml,**  etc.  IiiBug,-DiaserL  Marburg,  Jd(»6  ;  — Kraw- 
kow,  PflUger's  Arcb.,  EiX.  65, 

«  Spenzcr,  Zeatscbr.  f.  phyaiob  Chem.,  Bd.  24 ;  Mftnier,  Oenlralbl.  L  PbyBiol..  Bd.  7; 
Hofmeliler,  Zeiiscbr.  f.  physiol.  Cbem,.  Bd.  24,  S.  169. 
•Journal  of  Physiol.  Vol.  33. 

*  Ber.  d,  deutsch,  cbem.  OesellBcb.,  Bd.  S2.  

Arch.  f.  Verdttuungskmiikbuhcjji.  Bd.  4.  /     "" 
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reducing  Bubstance,  calculated  as  dextrose,  from  ovalbumin.  According  to 
MuLLER'd  method  he  was  able  to  prepare  the  hydrochloric  acid  com- 
bination of  this  substance  in  question.  From  this  behavior  he  draws  the 
conclusion  that  carbohydrates  split  off  by  the  action  of  acid  are  identical 
with  the  nitrogenous  carbohydrate  derivative  glucosamine,  obtained  by  him 
from  ovomucoid,  and  by  Muller  from  mucin. 

On  boiling  with  barium  hydrate,  or  also  in  pepsin  digestion,  Frankel* 
has  split  off  a  nitrogenous  substance  from  purified  ovalbumin  which  gaye 
neither  a  reaction  with  Millon's  reagent  nor  the  Biuret  reaction.  It  is 
readily  soluble  in  water  and  dextro-rotatory.  It  does  not  directly  redace 
copper  or  bismuth  salts,  but  does  strongly  reduce  them  on  previously  boiling 
with  acid.  The  elementary  analysis  indicates  the  formula  «(C,H,0^.!NT[j) 
+  H,0,  where  n  is  generally  represented  by  2.  Frankel  considers  it  as  a 
derivative  of  a  biose  and  calls  it  '^  albamin^^  provisionally.  He  considers 
a  chitosamin,  which  stands  in  close  relationship  to  the  osamin. prepared  by 
Muller  and  Seema^^k  from  mucin  and  ovomucoid,  as  the  basis  of  this 
body. 

In  marked  contrast  to  all  of  these  observations  we  have  the  communica- 
tion of  0.  Weiss.'  According  to  Pavy's  alkali  method  he  obtained  a 
substance  containing  1.8^  nitrogen,  which  yielded  a  reducing  substance 
after  boiling  with  acid.  This  reducing  substance  gave  an  osazon  having  a 
melting-point  of  179°-191°.  According  to  Weiss  it  is  crystallizable  methyl 
pentose  with  a  melting-point  of  91  "^-93°  and  isomeric  with  rhamnose. 

By  the  oxidation  of  proteids  in  acid  solutions,  volatile  fatty  acids,  their  aldehydes, 
nitriles,  ketones,  as  well  as  benzoic  acid  are  obtained,  also  hydrocyanic  acid  by  oxidizing 
with  potassium  dichromate  and  acid.  Kitric  acid  gives  various  nitro-products,  such  as 
xanthoproteic  acid  (van  der  Pants),  trinitroalbumin  (Loew)  or  oxynitroalbumin, 
nitrobenzoic  acid,  and  others.  With  aqua  regia  fumaric  acid,  oxalic  acid,  chlorazol,  and 
other  bodies  are  produced.  By  the  action  of  bromine  under  strong  pressure  a  large 
number  of  derivatives  are  obtained,  such  as  bromanil  and  tribromacetic  acid,  bromo- 
form,  leuciu,  leuciuimid,  oxalic  acid,  tribromamido-benzoic  acid,  peptone,  and  bodies 
similar  to  humus. 

By  the  dry  distillation  of  proteids  we  obtain  a  large  number  of  decomposition  products 
of  a  disagreeable  burnt  odor,  and  a  porous  glistening  mass  of  carbon  containing  nitrogen 
is  left  as  a  residue.  The  products  of  distillation  are  partly  an  alkaline  liquid  which  con- 
tains ammonium  carbonate  and  acetate,  ammonium  sulphide,  ammonium  cyanide,  an 
inflammable  oil  and  other  bodies,  and  a  brown  oil  which  contains  hydrocarbons,  nitro- 
gen ized  bases  belonging  to  the  aniline  and  pyridine  series,  and  a  number  of  unknown 
substances. 

It  is  impossible  here  to  discuss  all  the  products  obtained  by  the  action 
of  different  reagents  on  the  proteids,  but  from  the  above-described  decom- 
position products  from  proteids  it  is  clear  that  the  products  belong  in  part 
to  the  fatty  and  in  part  to  the  aromatic  series.  Observers  are  not  decided 
whether  one  or  more  aromatic  groups  exist  preformed  in  the  proteid  mole- 
cule.    According  to  Nencki  the  proteids  contain  three  aromatic  groups  as 

» "Wlen.  Sitzungsber.  Math.-naturw.  Klasse,  Bd.  107.  Abth.  II  b. 
»  Centralbl.  f.  Physiol,  Bd.  12. 
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taentioned  above :  the  tyrosin  (oxyphenylamidopropionic  acid),  the  phenyl- 
amidopropionic  acid,  aad  the  skatolamidoacetic  acid,  Maly,^  on  accoitnfc 
of  the  oxyprotosnlphonic  acid  prepared  by  him,  considers  it  not  necessary 
to  recognize  more  than  one  aromatic  gronp  in  the  proteid  molecnle, 
■  By  the  oxidation  of  proteid  by  means  of  potaasium  peniianganate,  Maly 
obtained  an  acid,  oiyjirotosulphonic  acid,  C  51.21;  H  G»S9;  N  14.59; 
8  1,77;  0  25.54,  which  is  not  a  cleavage  product  but  an  oxidation  product 
in  which  the  gronp  811  is  changed  into  SO^.OU.  This  acid  does  not  g\x^ 
the  proper  color  reaction  with  "Millon's  reagent  caused  by  aromatio 
bydroxyl  derivatives  (see  below)»  nor  does  it  yield  the  ordinary  aromatio 
Bplitting  products  of  the  proteids.  Still  the  aromatic  group  is  not  absent, 
but  it  seems  to  be  in  another  binding  from  that  in  ordinary  proteid.  On 
oxidizing  with  potassium  dichromate  and  acid  this  group  appears  as  benzoic 
jbcid,  and  on  fusing  with  alkali  benzol  is  given  off. 
H  On  continuous  oxidation  a  new  amorphous  acid,  peroxyproteic  acid — 
VC  46.22;  H  6.43;  K  12.30;  S  0.96;  0  34.09^— is  produced  from  the  oxy- 
protosnlphonic acid.  The  peroxyproteic  acid  gives  the  Buiret  reaction,  but 
is  not  precipitated  by  moat  of  the  reagents  precipitating  proteids, 

According  to  Bebner  *  in  the  formation  of  oxyprotosulphonic  acid  not 
only  does  an  oxidation  take  place,  but  also  at  the  same  time  a  deep  cleavage 
daa  to  the  presence  of  alkali.  Tie  was  able  to  show  tlie  presence  of  albu- 
moses  and  peptones  as  side  products.  These  diHered  from  the  correspond- 
ing products  produced  in  digestion  by  not  yielding  any  indol  or  skatol  on 
fusing  with  potash,  by  not  giving  Millon's  reaction,  and  not  containing 
sulphur  blackening  lead*  lie  also  fonnd  acetic  acid,  propionic  acid,  and 
butyric  acid,  and  the  presence  of  valerianic  acid  and  basic  bodies  (lysin, 
histidin)  was  shown  among  the  cleavage  prodncts.  On  the  cleavage  of 
peroxyproteic  acid  with  baryta  he  found  t!ie  cleavage  products  previously 
obtained  by  Maly  (with  the  exception  of  amidovalerianio  acid  and  isogly- 
oerinic  acid),  besides  also  acetic,  propionic,  botyric  acids,  benzaldehyde  and 
j  pyridin. 

As  in  oxidation  with  potassinm  permanganate,  so  also  may  the  proteids 

'  be  changed  by  the  action  of  the  halogens,  namely,  so  that  they  contain  no 

Bolphur  which  can  be  split  off  by  alkali,  or  give  Millox's  reaction,   nor 

field  tyrosin  as  a  cleavage  prodact.     By  the  action  of  chlorine,  bromine, 

iodine   on    proteids   the   halogen ,^  pass  into  more  or  less  firm  union 

the  proteid  (Lot;w,  Blum,  Blum  and  \'aubel,  LiEEiiEcnT,  Hop- 

Ikiks  and  Brook,  Hofmeister),  and  it  is  possible  to  prepare  derivatives 


<  SiUiifigaber.  d.  k.  Akad.  d.  Wissensch.  Wien.  Ablh.  II,  1885,  and  Ablli.  11,  1888. 
Alio  MoDMlsbefie  f,  Chem.,  Bdd.  6  and  9.  See  aiao  Boudzynaki  and  Zoja,  Zeitscbr.  f, 
phyiiol.  Cbcm.,  Bd,  10. 

»  Zeitscbr.  f,  pbyaiol.  Cbem.,  Bd.  26. 


with  different  bat  constant  quantities  of  Imlogen  according  to  the  method 
resorted  to  {IIopkiks  and  Pinkts^  '). 

On  the  putrefaction  of  proteide,  as  well  us  their  decompoBitioii  by 
means  of  acids  or  alkalies  and  also  by  certain  enzymes,  among  other 
prod  nets  amido-acids  are  produced^  and  these  ha^'e  a  certain  significance  for 
the  probable  formation  of  the  proteids.  It  is  more  than  likely  that  in  the 
synthesis  of  proteids  in  the  plant  from  the  ammonia  or  the  nitric  acid  of 
the  soil,  amido-acids  or  acid  amids,  among  which  asparagin  plays  an  impor- 
tant role,  are  prodoced;  and  from  tiiese  the  albuminoaa  bodies  are  derived 
by  the  action  of  glucose  or  other  non-nitrogcnized  combinations. 

The  three  basic  bodies  lysin,  arginin,  and  histidin  are  formed,  as  shown 
by  KossEL,  as  cleavage  products  of  a  group  of  bodies^  tlie  protamins, 
which  were  first  sliown  by  MiEscnEU  and  then  by  Kossel  to  occur  in  fish- 
sperm  as  combinations  of  nucleic  ucid  (see  C*hapter  V)*  The  protamins 
(see  Ap])endix  to  tbia  Obapter)  are  basic  bodies  which  have  some  reactions 
io  common  with  the  proteids,  but  which  yield  no  amIdo-acids  on  cleavage. 
As  they  yield  the  same  basic  proiiucts  as  proteids,  they  may,  as  suggested  by 
Kossel,  be  considered  to  a  certain  extent  aa  the  nucleus  of  the  proteid 
molecule,  and  the  rariotifi  proteids  may  be  derived  from  this  nucleus  bj  the 
addition  of  other  atomic  groups,  monoamido  acids  and  others/' 

The  question  as  to  Uie  prepamtloo  of  proteidlike  substances  Bynthetically  itands  in 
close  rL'Ialiou  with  the  above  aULienieulB  In  tbls  couneclkm  we  must  mt*nHou  in  the 
firal  place  ibe  leHeurclKS  of  Giumaux,  and  ihvti  BchIji^eniieroer  and  PiciiKiiiNO,'  who 
by  the  action  of  phospboruBpeutcbkiride  or  penloxide  on  various  anddo  acids  or  by  beat- 
iug  alunc,  were  able  lo  prepare  bodies  siicb  as  biuret,  alloxan,  xanlbiu,  or  ammonium 
■ubfttancea  either  alone  or  mixed  with  other  bodies.  These  aubstanc<i8  are  similar 
Id  Bevcnil  ways  -with  the  proteids,  alihougli  they  cannot  he  considerpd  as  genuine  pro* 
teida.  The  syntheses  of  gelatin  or  nl  bum  need  ike  sultstances  piibHsbed  by  Lilikh- 
FELD*  will  undoubtedly  be  of  much  greater  imp^Jrtance  when  they  have  been  siibslauti^ 
aled  by  otheru. 

The  animal  albuminoua  bodies  are  odorless,  tasteleKs,  and  ordinarily 
amorphouB.  The  crystalloid  Bjjherules  {DotierphUtchen)  occurring  in  the 
eggs  of  certain  fishes  imd  amphibians  do  not  consist  of  pur©  proteids,  but  of 
proteids  containing  large  amotiots  of  lecithin,  which  seems  to  be  combined 

»  Loew,  Journ.  f.  prakt.  Cliem.  (N.  F.).  Bd.  SI  ;  Blum,  MUnch.  med.  Wochenachr  , 
1800;  Blum  and  Vaubei.  Juura.  f.  prakt.  Chem,  (K.  R),  Dd.  57;  Liebrechtp  Ber.  d. 
deutsch.  cheni.  GesellsLh,,  Bd.  ^U;  Hopkins  and  Brook,  Journ.  of  Physiol.,  Vol  22; 
Hopkins  and  Pinkus^  Ber.  d.  deutsch.  chem.  Gcfiellsch.,  Bd.  SI  :  Hofmekler,  ZeXlschr, 
f.  pbyHJol.  Chem.,  Bd.  24. 

*  Kossel,  Silzuniifiber,  d.  GeKellscli,  zur  Beford.  d.  ges.  KaturwisseDSch.  zu  Marburg, 
No.  6,  1897.  Rud  Zeitachr.  L  physiol.  Chem,.  Bd.  25. 

*  See  Pickeriag,  Kings  College.  London,  PliysioL  Lab.  Collect.  Papers,  1B97,  where 
the  works  uf  Grimaux  are  also  cited;  also  Journal  of  Physiol. .  Vol.  18,  and  Proceed. 
Boy.  Soc.  Vol  60,  1897  ;  Schtltzenberger,  Compt.  rend.,  Tomes  lOfi  and  112. 

*  Du  Bols-Keymond's  Arch,,  1894 ;  Physiol  Abth.,  8.  383  &Bd  555. 
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with  mineral  sabBtaQcea.  Cryataliine  proteids*  have  been  prepared  from 
fieeds  of  Tarioas  plants,  and  lately  crystallized  animal  proteids  (see  Beral* 
bumin  and  ovalbumin,  Chapters  VI  and  XIII)  have  also  been  prepared. 
In  tlie  dry  condition  the  albuminous  bodies  appear  as  a  white  powder,  or 
when  in  thin  layers  as  yellowish^  hard,  trangparent  plates.  A  lew  are 
soluble  in  water,  others  only  soluble  lu  salt  or  faintly  alkaline  or  acid  solu- 
tions, while  others  are  insoluble  in  these  Eolveuts.  All  albuminous  bodies 
when  burnt  leave  an  asb,  and  it  is  therefore  questionable  whether  there 
exists  any  proteid  body  which  is  soluble  in  water  without  the  aid  of  mineral 
Bubstances.  Nevertheless  it  has  not  been  thus  far  successfully  provetl  that 
a  native  albuminous  body  can  be  prepared  perfectly  free  from  mineral  sub- 
stances without  changing  its  constitution  or  its  properties/  The  albumi- 
nous bodies  are  in  most  cases  strong  colloids.  They  diUuse,  if  at  all,  ouly 
very  slightly  through  animal  membranes  or  parchment-paper,  and  the 
proteids  therefore  have  a  very  high  osmotic  equivalent.  AH  albuminous 
bodies  are  optically  active  and  turn  the  ray  of  polarized  light  to  the  left. 

On  heating  a  proteid  solution  it  is  changed »  the  temperature  necessary 
depending  upon  the  proteid  present,  and  with  proper  reactions  of  the  solu- 
tion and  under  favorable  external  conditions — as,  for  example,  in  the 
presence  of  neutral  salts — most  proteids  separate  in  the  solid  state  as 
*' coagulated '*  proteids.  Tbe  different  temperatures  at  which  various 
proteids  coagulate  in  neutral  salt  solutions  give  in  many  cases  a  good  means 
of  detecting  and  separating  these  various  bodies.  The  views  in  regard  to 
the  use  of  these  means  are  divided,' 

The  general  reactions  for  tbe  proteids  are  very  nuraerons,  but  only  the 
most  important  will  be  given  here.  To  facilitate  the  study  of  these  they 
hare  been  divided  into  the  two  following  groups: 


H  have  bee 

^^^^^gOoagulation   TesL — An  alkaline  proteid  solution  does  not  coagulate 
on  boilings  a  neutral  solution  only  partly  and  incompletely,  and  tbe  reaction 


A«  Precipitation  Keactions  of  the  Proteid  Bodies. 


»See  Mascbke,  Journ.  f.  pr&kt.  Cbem.,  Bd.  74;  Drechsel,  ihid.  (N.  F.),  Bd.  10; 
Grftbler,  ibid,  (N.  F,),  Bd.  ^  i  Rittlmuwo,  ibid.  (N.  F.),  Bd.  25  ;  Scbmiedeberg,  Zeit- 
»cbr.  f.  physiol.  Cbem.,  Bd.  1  .  Weyl,  tbuL,  Bd.  1. 

'See  E.  Haniack,  Ber.  d.  deuL^cb.  cbem.  Geaellscb.,  Bdd.  22,23,25;  Werlgo, 
PflUger'8  Arcbiv,  Bd.  ^  ;  Btllow,  ibid.,  Bd.  58. 

'  See  FlallibtirtoD,  Journ.  of  PbysioL,  Vols*  5  and  11  ;  Corin  and  Bemrd,  BulK  de 
VAcad.  roj.  de  Belg.,  15  ,  Ilaycmft  autl  Duggim,  Brit.  Med.  Journ.,  1890,  aud  Proc. 
Koy.  Soc.  Ed.,  1889 ;  Corin  aod  Aosiaux,  Bull,  dc  TAcad,  roy.  de  Belg.^  Tome  21  ;  L. 
Fr6dcricq.  Cenlralbl  f,  Pbysiul,  Bd.  3:  Hnycraft,  ibid.,  Bd.  4;  Hewlett,  Journ.  of 
Pbytiol.,  Vol.  13  ;  Ducleux,  Annal.  lualllut  Pasteur.  7,  In  regard  to  Ibe  relatiousbip 
of  the  neutral  salts  to  tbe  beat  coagulation  of  albumins  see  also  Starke,  Sitzuogaber,  d. 
Gesellscb.  f.  Morph.  u.  PbysioL  in  Muncbeu,  1897. 
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mnst  therefore  be  acid  for  coagulation.  The  nentral  liqnid  is  first  boiled 
and  then  the  proper  amount  of  acid  added  carefully.  A  floccnlent  precipi- 
tate is  formed,  and  if  properly  done  the  filtrate  should  be  water-clear.  If 
dilute  acetic  acid  be  used  for  this  test,  the  liquid  must  first  be  boiled  and 
then  1,  2,  or  3  drops  of  acid  added  to  each  10-15  c.  c,  depending  on  the 
amount  of  proteid  present,  and  boiled  before  the  addition  of  each  drop.  If 
dilute  nitric  acid  be  used,  then  to  10-15  c.  c.  of  the  previously  boiled  liquid 
15-20  drops  of  the  acid  must  be  added.  If  too  little  nitric  acid  be  added,  a 
soluble  combination  of  the  acid  and  proteid  is  formed  which  is  precipitated 
by  more  acid.  A  proteid  solution  containing  a  small  amount  of  salts  must 
first  be  treated  with  about  1^  NaCl,  since  the  heating  test  may  fail, 
especially  on  using  acetic  acid,  in  the  presence  of  only  a  slight  amount  of 
proteid.  2.  Behavior  towards  Mineral  Acids  at  Ordinary  Temperatures. 
The  proteids  are  precipitated  by  the  three  ordinary  mineral  acids  and  by 
metaphosphoric  acid,  but  not  by  orthophosphoric  acid.  If  nitric  acid  be 
placed  in  a  test-tube  and  the  proteid  solution  be  allowed  to  flow  gently 
thereon,  a  white  opaque  ring  of  precipitated  proteid  will  form  where  the 
two  liquids  meet  (Heller's  albumin  test).  3.  Precipitation  by  Metallic 
Salts.  Copper  sulphate,  neutral  and  basic  lead  acetate  (in  small  amounts), 
mercuric  chloride,  and  other  salts  precipitate  proteid.  On  this  is  based  the 
use  of  proteids  as  antidotes  in  poisoning  by  metallic  salts.  4.  Precipitation 
by  FerrO'  or  Ferricyanide  of  Potassium  in  Acetic  Acid  Solution.  In  these 
tests  the  relative  quantities  of  reagent,  proteid,  or  acid  do  not  interfere  with 
the  delicacy  of  the  test.  5.  Precipitation  by  Neutral  Salts,  such  as  Na,SO^ 
or  NaCl,  when  added  to  saturation  to  the  liquid  acidified  with  acetic  acid 
or  hydrochloric  acid.  6.  Precipitation  by  Alcohol.  The  solution  must  not 
be  alkaline,  but  must  be  either  nentral  or  faintly  acid.  It  must,  at  the 
same  time,  contain  a  sufficient  quantity  of  neutral  salts.  7.  Precipitation 
by  Tannic  Acid  in  acetic-acid  solutions.  The  absence  of  neutral  salts  or 
the  presence  of  free  mineral  acids  may  not  cause  the  precipitate  to  appear, 
but  after  the  addition  of  a  sufficient  quantity  of  sodium  acetate  the  precipi- 
tate will  in  both  cases  appear.  8.  Precipitation  by  Phospho-tungstic  or 
Phospho^molybdic  Acids  in  the  presence  of  free  mineral  acids.  Potassium- 
mercuric  iodide  and  potassium-bismuth  iodide  precipitate  albumin  solutions 
acidified  with  hydrochloric  acid.  9.  Precipitation  by  Picric  Acid  in  solu- 
tions acidified  by  organic  acids.  10.  Precipitation  by  Trichloracetic  Acid 
in  2-5j^  solutions,  and  11.  by  Salicylsulphonic  Acid.  The  proteids  are 
precipitated  by  nucleic  acid,  taurocholic  and  chondroitin-sulphuric  acid  in 
acid  solutions. 
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B*  Color  Eeactions  for  Froteid  BodieB. 

1.  MiUonU  rmciion**  A  eolation  of  mercury  in  nitric  acid  containing 
lome  nitrous  acid  gives  a  precipitate  with  proteid  aoltitions  which  at  the 
ordinary  temperatnre  is  slowJv,  but  at  tiie  boiling-point  more  quickly, 
colored  red;  and  the  solution  may  also  be  colored  a  feeble  or  bright  red. 
Solid  albuminous  bodies,  when  treated  by  this  reagent,  give  the  same  colora- 
tion. This  reaction,  which  depends  on  the  presence  of  the  aromatic  gronp 
in  the  proteid,  is  also  given  by  tyrosin  and  other  benzol  deriyatives  with  a 
hydroxyl  group  in  the  benzol  nticleus.*  2>  Xanthoproteic  reaction.  With 
etrong  nitric  acid  the  albuminous  bodies  give,  on  heating  to  boiling,  yellow 
flakes  or  a  yellow  solution.  After  saturating  with  ammonia  or  alkalies  the 
color  becomes  orange-yellow.  3.  Adamkiewicz'  reaction.  If  a  little  proteid 
is  added  to  a  mixture  of  I  vol.  concentrated  sulphuric  acid  and  "I  vols. 
glacial  acetic  acid  a  reddish-violet  color  is  obtained  slowly  at  ordinary  tern- 
peratares,  but  more  quickly  on  heating.  Gelatin  does  not  give  this 
reaction.  4.  Biuret  test.  If  a  proteid  solutiou  be  first  treated  with 
caustic  potash  or  soda  and  then  a  dilate  copper  sulphate  solution  be  added 
drop  by  drop,  first  a  reddish,  then  a  reddish-violet,  and  lastly  a  violet-bine 
color  is  obtained-  5.  Proteids  are  soluble  on  heating  with  concentrated 
hydrochloric  acid^  producing  a  violet  color,  and  when  they  are  previously 
boiled  with  alcohol  and  then  washed  with  ether  (Liebermanx  ')  they  give 
a  beautiful  blue  solution.  iL  With  concentrated  sulphuric  acid  and  sugar 
(in  small  quantities)  the  albuminous  bodies  give  a  beautiful  red  coloration. 
Elliott  *  has  snggested  the  following  as  a  reaction  for  protein  substances. 
If  dilate  sulphuric  acid  {10  vols,  in  100  vols,  water)  is  tdlowed  to  act  on  the 
protein  substances  a  bluish- violet  color  or  a  bluish-violet  solution  is  obtained 
on  gradual  concentration  of  the  acid  at  ordinary  temperature.  Dilute 
hydrochloric  acid  acts  in  the  same  way.  The  solotion  shows  a  spectmm 
somewhat  different  from  those  obtained  by  Petten  kg  fee's,  Liebermann's 
or  AiiAMKiEWicz's  reactions.  These  color  reactions  apply  to  all  albuminous 
bodies. 

Many  of  these  color  reactions  are  obtained  as  shown  by  Salkowski  "  by  Uie  aromatic 
eleav&ge  products  of  the  proteids,  Millon'b  reaction  in  only  t^btaiiied  by  the  subatances 
of  the  phenol  group  -,  the  XaIiTUOPHOteig  reaction  by  the  phenol  group  and  skatol  or 

»  The  reagent  is  obtained  in  the  following  way  :  1  pt.  mercury  la  dissolveil  In  2  pt». 
of  nitric  acid  (of  sp.  gr.  1,42),  tirat  when  cold  and  later  by  warmiug.  After  complete 
•olmloD  of  ihe  mercury  add  1  volume  of  the  solulion  to  2  volumes  of  water.  Allow 
this  to  stand  a  few  lioiirs  and  dt^caut  the  miperuatani  liquid. 

*  See  O.  Naase,  Sitzuugsb.  d.  Naiurfomeh*  Qcsellsch.  zu  Halle.  1879 ;  Yaubel  and 
Blum.  Journ.  L  prakt  Chem,  (:N.  Fj,  Bd.  57. 

*  Ccnlralbl  f.  d.  med.  Wisaeuftch.,  1887. 

*  Joum.  of  Pbysiol,  Vol.  28. 

*  Zeitachr.  f,  physiol.  Chem..  Bd.  12,  S.  315. 
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Bkatolcar1>r»nic  acid.     Liebermank's  reaction  is  not  given  bj  any  of  Ibe  nromatic  spUl* 
ting  nrofiiicts-     Adamkiewkz's  rencliou  is  only  given  by  ibe  indol  group,  especially 
»kulak;arbonlc  acid.    This  rcjictiou  i^  consideretJ  as  a  fuifurol  reaction  broitgin  about  bj 
%  carboljyciriite  group  as  wdl  as  an  aromatic  grotip  in  tlie  prateid.     LiEUEiiMANN'fii  reac 
tioo.  as  well  us  the  rL-actiou  wiiU  sulpburic  acid  and  sugar,  seems  at  least  lo  be  a  fui  furol 
reaction.     Tlie  biuret  reaction  is  not  <.mly  given  by  jirttteid,  prosainiu  and  biuret,  but 
tL]»o  by  arlificittUy-prepared  colloids  (Gkimaux,  Picrering)  and  mnny  diamids.     AeJ 
cording  lo  H.  8rniFF,^  the  presence  of  at  least  twa  groups  (— CO.NHi)  uni<cd  in  tbJ 
molecnlc  lu  a  single  atom  of  carbon  (ir  nitrogen,  or  by  one  or  m«>re  gmups  (—  CO  NH)^ 
united  In  ojwn  chain.     Bntti  CO.NIli  groups  luny  also  be  direcily  united^  as  in  oxiinud. 
AHpanigbi,  a  natural  decomposition  |»roduci  of  proteids,  also  gives  the  biuret  reacliua.. 
Uohilin  also  gives  u  reac  don  sbnibir  !<)  the  biuret  reaction,  and  the  fact  that  a  tmdy  giveii 
the  biuret  reiLctkm  is  not  only  hufUcieut  proof  of  its  being  a  protein.  ^% 

The  delicacy  of  the  Fame  reagent  differs  for  the  different  albnminona 
bodies,  and  on  this  account  it  is  impossible  to  give  the  degree  of  delicAoy- 
for  each  reaction  for  all  albuminotie  bodies.     Of  the  precipitation  reactions 
HELLER*t5  test   (if  we  eliminate   the  peptones  and  certain  albanioees)   i^ 
recommended  in  the  first  place  for  its  delicacy,  though  it  is  not  the  most 
delicate  reaction,  and  because  it  can  be  performed  so  easily.     Among  the 
precipitation  reactions,  that  with  ba«?c  lead  acetate  (when  carefolly  and 
exactly  execnted)  and  the  reactions  G,  7,  8,  0,  and  11  fire  the  most  delicate. 
The  color  reactions  1  to  4  show  great  delicacy  in  the  order  in  which  they, 
given. 

No  proteid  reaction  is  in  itself  characteristic,  and,  therefore,  in  testing 
for  proteids  one  reaction  is  not  Bnflicient,  bnt  a  nnmber  of  precipitation  and 
color  reactions  must  be  employed. 

For  the  qnantitative  estimation  of  coagnlable  proteids  the  de term! nation^™ 
by  boiling  with  acetic  acid  can  be  performed  with  advantage,  since,  bj^H 
operating  carefully,  it  gives  exact  residts.  Treat  the  proteid  solution  with 
a  1-2,^  common-salt  Bolntion,  or  if  the  solution  contains  large  amounts  of 
jroteid  dilote  with  the  proper  q  nun  tit  y  of  tbe  above  salt  solution,  and  then 
carefnily  neutralise  witlj  acetic  acid.  Now  determine  tbe  quantity  of  acetic 
acid  necei^ary  to  completely  precipitate  the  proteids  in  small  measured 
portions  of  the  neutralized  liquid  which  have  previously  been  heated  on  the 
water-bath,  so  that  the  filtrate  does  not  respond  witii  IJellek's  test.  Now 
warm  a  larger  weighed  or  measured  quantity  of  tbe  liquid  on  tbe  water-  | 
bath,  and  add  gradually  the  required  qnantity  of  acetic  acid,  with  constant 
stirring,  and  continue  the  beat  for  some  time.  Filter,  wsisb  with  water^ 
extract  with  alcohol  and  then  with  etirer,  dry,  weigh,  incinerate  and  weigh- 
again.  With  proper  work  the  filtrate  should  not  give  IIejxkh's  test.  This 
method  serves  in  most  cases,  and  especially  so  in  cases  where  other  bodiea 
are  to  be  quantitatively  estimated  in  the  filtrate. 

Tbe  precipitation  by  means  of  iilcobol  may  be  used  in  the  quantitative 
estimation  of  proteids.  The  liquid  is  first  carefnlly  neutralized,  treated 
with  some  NaCl  if  necessary,  and  then  alcohol  added  until  the  solution 
contains  70-80  vol.  per  cent  anhydrous  alcohol.  The  precipitate  is  collected 
on  a  filter  after  24  hours,  extracted  with  alcohol  and  ether,  dried,  weighed, 
incinerated  and  again  weighed.  This  method  is  only  applicable  to  liquids 
which  do  not  contain  any  other  substances,  like  glycogen,  which  are  insolu- 
ble in  alcohoL 
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lo  both  these  methtnls  small  qaantiiies  of  proteids  may  remain  in  the 
filtrate^i.  These  traces  may  be  determined  aa  follows:  Concentrate  the 
filtriite  Bofticientlj,  remove  any  separated  fat  by  shaking  with  ether,  and 
then  precipitate  with  tannic  aci^.  Approximately  011^  of  the  tannic  acid 
precipitate,  washed  with  cold  water  and  then  dried,  may  be  considered  as 
proteid. 

In  many  cases  good  results  may  be  obtained  by  precipitating  all  the 
proteid  with  tannic  acid  and  determining  tlie  nitrogen  in  the  washed  pre- 
cipitate by  means  of  Kjeldakl's  method.  On  mnltiplying  the  quantity  of 
nitrogen  foand  by  0,25  we  obtain  the  quantity  of  proteid. 

The  removal  of  proteids  from  a  solution  may  in  most  ceases  be  performed 
*fcy  boiling  with  acetic  acid.  Small  amounts  of  proteid  which  remain  in  tlie 
filtrates  may  be  separated  by  boiling  with  fresldy  precipitated  lead  carbonate 
t3r  with  ferric  acetate,  as  described  by  TIoFirEisTEu/  If  the  liquid  cauoot 
"be  boiled,  the  proteid  may  be  precipitated  by  the  very  careful  addition  of 
lead  acetate,  or  by  the  addition  of  alcohol.  If  the  liquid  contains  sub- 
stances whicli  are  precipitated  by  alcohol,  such  as  glycogen,  then  the  proteid 
may  be  removed  by  the  alternate  addition  of  potassinm-mercuric  iodide  and 
hydrochloric  acid  (see  Chapter  VIII,  on  Glycogen  Estimation),  or  also  by 
trichloraoetic  acid  as  suggested  by  Obermayee  and  Feakehl.' 


Synopsis  of  the  Most  Important  Properties  of  the  Different  Chief  Groups 
I  of  Proteids. 

Those  proteids  which  occur  formed,  in  the  ordinary  sense,  in  the  animal 
fin  ids  and  tissues,  and  which  can  be  isolated  from  these  without  losing  their 
original  properties  by  different  chemical  means,  are  called  xativk  proteids, 
New  modifications,  with  other  properties,  may  be  obtained  from  these 
native  proteids  by  the  action  of  heat,  various  chemical  reagents^  such  as 
aoida,  alkalies,  alcohol,  and  others,  as  also  by  proteolytic  enzymes.  These 
new  proteids  are  called  mouified'  proteids,  in  contradistinction  to  the 
native  proteids.  The  albumins,  globulins,  and  nucleoalbumins,  as  given  in 
the  scheme  en  page  16,  belong  to  the  native  proteids,  w^hile  the  acid  and 
alkali  albuminates,  albumoses,  peptonea,  and  the  coagulated  proteids  belong 
to  the  modified  proteids. 

The  native  proteids  may  be  precipitated  by  sufficient  amounts  of  neutral 
salts  without  changing  their  properties,  although  the  various  proteids  act 
differently  with  differeut  neutral  salts.  Some  are  precipitated  by  NaOl, 
others  only  by  MgSO^,  and  still  others  by  only  (NHJ^SO^,  which  is  the 
precipitant  for  nearly  all  proteids.  These  various  properties,  as  also  the 
different  solubility  in  water  and  dilute  salt  solution,  are  used  at  the  present 
time  to  differentiate  between  the  various  proteids  and  groups,  although  it 


>  Zdtfichr.  f.  physiol.  Chem.,  Bdd.  2  and  4. 

•Obermayer,  WIen.  med.  JahrbUcher.  1888;  Ftaokel,  PflUger's  Arch,.  Bdd.  59 
and  55. 

'  The  word  dsnaturierang  as  u^ed  by  NetiruHster  wml  the  niiihor  is  IraDslated  by  tUe 
word  modified,  &«  U  best  expresafs  ibe  aieauiug.     The  word  dtvi^d  m^ht  aim  be  used* 
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mnsfc  be  stated  that  theee  differences  are  onlj  relailve  and  are  often 
uncertain. 

AlbumiES.  These  bodies  are  soluble  in  water  and  are  not  precipitated 
by  the  addition  of  a  little  acid  or  alkali!  They  are  precipitated  by  the 
addition  of  large  quantities  of  mineral  acids  or  metallic  salts.  Their  eoln* 
tion  in  water  coagulates  on  boiling  in  the  presence  of  neutral  salts,  but  a 
weak  saline  solntiou  does  not.  If  NaCl  or  Mg80^  is  added  to  saturation  to 
n  nentral  solution  in  water  at  the  normal  temperature  or  at  *f  30""  C.  no 
precipitate  is  formed ;  but  if  acetic  acid  is  added  to  this  saturated  solution 
the  albumin  readily  separates.  When  ammoiiium  sulphate  is  added  in 
substance  to  saturation  to  an  albumin  solution  a  complete  precipitation 
occurs  at  ordinary  temperatare.  Of  all  the  albuminous  bodies  the  albumins 
are  the  richest  in  8u1plmr>  containing  from  \S\^  to  2.2%. 

GlobuliuB.  These  albuminous  bodies  are  insoluble  in  water,  but  dissolve 
in  dilute  neutral  salt  Bolutions,  The  globulins  are  precipitated  unchanged 
from  these  solntions  by  sufficient  dilution  with  water,  and  on  heating  thej 
coagulate.  The  globulins  dissolve  in  w^ater  on  the  addition  of  very  little 
acid  or  alkali,  and  on  neutralizing  the  solvent  they  precipitate  again. 

The  solution  in  a  minimtim  amount  of  alkali  is  precipitated  by  carbon 
dioxide,  but  the  precipitate  may  be  redissolyed  by  an  excess  of  the  precipi- 
tant. The  neutral  solutions  of  the  globulins  containing  salts  are  partly  or 
completely  precipitated  on  saturation  with  NaCl  or  MgSO^  in  substance  at 
normal  temperuturea.  The  globulins  are  completely  precipitated  by  saturat- 
ing with  ammonium  sulphate.  The  globulins  contain  an  average  amount 
of  sulphor,  not  below  \%. 

A  sharp  Hue  bctweeti  the  gjobulina  od  one  side  and  the  urtificial  albumiDHles  on  ihe 
other  can  hardly  be  drawn.  Tbe  Hlhuminates  are,  indeed,  ns  a  nile  InBolubie  in  dilute 
com mon -salt  solulionB  ;  but  an  albuminate  may  t>e  prepared  by  Uie  action  of  strong  alkali 


which  is  soluble  lu  commoa-gall  golutiuna  immodmielj  after  predpitation«  We  also 
bare  globulins  which  are  iuaoluble  in  NaCl  after  having  been  in  contact  with  water  for 
some  time. 

Kucleoalbumins.  This  group  of  phosphorized  proteida  are  fonnd  widely 
diffosed  in  both  the  animal  and  Tegetable  kingdoms.  Tbe  nucleoalbuminfi 
are  fonnd  in  organs  abounding  in  cells^  but  they  also  occur  in  secretions  and 
sometimes  in  other  fluids  iu  apparent  solution  as  destroyed  and  altered 
protoplasm.  The  nucleoalbumins  behave  like  rather  strong  acids;  tbey  are 
nearly  insoluble  in  water,  bot  dissolve  easily  with  the  aid  of  a  little  alkali. 
Such  a  solution,  neutral  or,  indeed,  a  faintly  acid  one,  does  not  coagulate 
on  boiling.  The  nucleoalbomins  resemble  the  globulins  and  the  albumi- 
nates (see  below)  in  solubility  and  precipitation  properties,  bnt  differ  from 
them  in  being  hardly  soluble  in  neutral  salts*  The  most  important  differ- 
ence between  tbe  nucleoalbumins,  tbe  globulins,  and  tbe  albominates  is  that 
the  nucleoalbumins  contain  phosphorus.  They  also  differ  from  the  other 
genuine  proteids  by  this  quantity  of  phosphorus  and  stand  on  this  account 
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close  to  the  nncleoproteids.  They  dilTer  from  the  latter  in  tbat  they  do 
not  yield  xanthin  bodies  on  cleavage.  On  peptic  digestion  most  nucleo- 
albumins  yield  a  proteid  substance  very  rich  in  phosphorus,  which  has  been 
I  called  para-  or  pseudonuchin  in  coiitradistinction  to  the  true  nucleins  (se 
Chapter  V)*  According  to  Liebermann  *  paeudonucleia  is  a  combination 
of  proteid  with  metaphosphoric  aciJ.  The  nucleoalbumms  seem  to  contain 
Bome  iron* 

The  separation  of  p»eudoQudeia  in  tbc  peptic  digeflUon  of  nticleoalbumiDii  caonol  b#| 
considered  as  positively  cimrncierifilic  tif  tlie  Quclecmlbumin  g"roup.  The  exieni  nf  such 
a  cleavHge  is  deperident  upon  ibe  lotetisity  of  ibe  pepsin  dij^estion,  upon  the  degree  of 
acidity  and  llie  relationsbip  between  llie  nuLletmlljumius  and  tlie  digestive  tluids.  Tlie 
separiLtion  of  a  pseudoouckHn  may,  us  shown  by  Salkowhki,  not  occnr  even  in  tliQ 
digestion  of  ordinary  casein,  iind  WitOBi.KWt^iti  did  n^l  obtaiu  any  psendnnuclein  at  nil* 
la  ihe  digesliun  of  the  caaein  from  humjiii  railk.  In  the  digestion  of  veguUible  nucleo* 
albumin  Wiman'  has  also  ahown  that  tlie  fact  wlietlier  woublain  r  great  ilejil  of  pseudo- 
aucleiii  or  not  is  dependent  n|X)D  llie  way  in  which  the  digest  Ion  is  performed.  The 
moat  eaeeDtial  charactcri.'itic  of  this  group  of  pmteitis  id  that  tbey  cuntuin  a  given  amount 
of  phosphorus,  and  the  absence  of  xanthin  bases  among  their  cleavuge  products. 

The  nncleoalbumitis  are  often  confounded  with  nticleoproteids  and  also 
with  phospborized  glycoproteids.     From  the  first  class  they  diSer  by  not 
yielding  any  xanthin  bodies  when  boiled  with  acids,  and  from  the  second^ 
group  by  not  yielding  any  reducing  substance  on  the  same  treatment. 

Lecitbalbttminfl.  In  the  preparation  of  certain  protein  snbsUiuces  products  are  oftea 
.obtained  containing  lecithin,  nnd  tills  lecithin  cno  only  be  removed  with  diiHcnlty  or 
Incompletely  by  a  mixture  of  alcohol  nod  eiher.  Ovovitelliu  is  such  a  pri>teiu  b»xly  con- 
talninLT  considenible  lecithin,  and  lIoprE'SEVLEit  considers  it  \\  combinatiou  of  proteid 
and  lecithin.  Liebkrmann^  has  obtained  proieida  contidning  lecithin  as  an  insoluble 
fiesidne  <in  the  peptic  digestion  of  mucous  membranes  of  the  stumach,  liver,  kidneys, 
lungs,  and  spleen.  He  considers  them  as  combinationa  of  proteid  and  lecithin  and  calk 
Ihem  UcithaUiumin*. 

Alkali  and  Acid  Albuminates.  Native  proteids  may,  as  the  researches 
of  recent  date  of  aeveral  investigators  such  as  Sjuqvist,  0.  Coiinheim^ 
ButfABSZKY  and  L.  Liebermakx  *  show,  enter  into  combiuatione  with  acidil 
and  alkalies  without  changing  their  properties.  On  the  contrary,  by  the 
BUfficiently  strong  action  of  these  reagents  a  modification  may  take  place* 
By  the  action  of  alkalies  all  native  albuminous  bodies  are  converted,  with  the 
elimination  of  nitrogen  or  by  the  action  of  stronger  alkali,  also  with  the 
emissioQ  of  sulphur,  into  a  new  modification,  called  alkali  albuminate, 
whoee  specific  rotation  is  increased  at  the  same  time.  If  caustic  alkali  in 
substance  or  in  strong  solution  be  allowed  to  act  on  a  concentrated  proteid 
solution,  such  as  blood -serum  or  egg-albumin,  the  alkali  albuminate  may  be 


»  Ber.  d.  deutsch.  cbem.  Ge^eMscb.j  Bd.  21, 

•  SidLtowski,   PflUger's  Arch.,  Bd.  63  ;— Wroblewski,   Beltrflge  zur  Kenntnisa  dea 
Frauenknaelos.     Inaug.DIss.  Bern,  1894  ;— Wiman,  Upsala  Lilkaref.  POrh.,  N.  F.  2. 

*  Hoppe-Seyler,  Med.  chcm.  Unlersuch..  1868 ;  also  Zeitscbr.  f.  physiol,  Chem.,  Bd. 
18,  S.  479 ;  Liebermann,  Pfl tiger's  Archlv,  Btld.  50  and  54. 

^  SjOqvist,  Skand.  Arch.  f.  Physiol,  Bd.  5  ;  O,  Cohnbeim,  Zeitschr,  f.  Biologie,  Bd. 
38;  Bugarazky  and  Liebermann,  PflUger's  Arch.,  Bd.  72. 
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obtained  as  a  solid  jelly  which  dissolves  iu  water  on  heating,  and  which  is 
called  '*  Liehkrkuhn's  solid  alkali  albuminate."  By  the  action  of  dilute 
caustic  alkali  solotiona  on  dilnte  proteid  sohitions  we  have  alkali  alhnmi- 
nates  formed  slowly  at  the  ordinary  temperature,  but  more  rapidly  on 
heating.  These  solations  may  be  modified  by  the  source  of  the  proteid 
acted  upon,  and  also  hy  the  extent  of  the  action  of  the  alkali,  but  still  they 
have  certaiu  reactions  in  common. 

If  proteid  is  dissolved  hi  an  excess  of  concentrated  hydrochloric  acid,  or 
if  we  digeet  a  proteid  solution  acidified  with  1-2  p.  m.  hydrochloric  acid  in 
the  warmth,  or  digest  the  proteid  alone  with  pepsin  hydrochloric  acid,  we 
obtain  new  modifications  of  proteid  which  indeed  may  show  somewhat  vary- 
ing properties,  but  have  certain  reactions  in  common.  These  modi^cationB, 
which  may  be  obtained  in  a  solid  gelatinous  condition  on  sufficient  conceti- 
tratiouj  are  called  acid  albuminatea  or  acid  albumins,  and  sometimes 
syntonin,  though  we  prefer  to  call  that  acid  albtiminate  syntonin  which  is 
obtained  by  extracting  muscles  with  hydrochloric  acid  of  1  p,  m.  F,  Oold- 
SCHMIDT  ^  has  shown  in  the  action  of  acids  on  ovalbumin  that  eren  in  very 

dilnte  solutions  of  acid  [-—1101]  eecondary  albomoseB  are  produced  at  the 

Bam©  time  as  acid  albuminates,  which  shows  that  the  acid  alhominate  forma- 
tion is  accompanied  by  the  splitting  off  of  albumoses.  He  also  found  that 
the  formation  of  secondary  albumoses  did  not  require  the  previous  formation 
of  primary  albumoses.  The  extent  as  to  the  formation  of  acid  albuminate, 
hem i protein  (KChne's  antialbaminate),  various  albamoses,  peptones,  and 
further  cleavage  products  is  essentially  dependent  tipon  the  temperature 
and  upon  the  concentration  of  the  acid. 

The  alkali  and  acid  albuminates  have  the  following  reactions  in 
common:  They  are  nearly  insoluble  in  water  and  dilute  common-salt  solu- 
tion (see  page  30) »  hot  they  dissolve  readily  in  water  on  the  addition  of  a 
very  small  quantity  of  acid  or  alkali.  Such  a  solntion  or  one  nearly  neutral 
does  not  coagulate  on  boiling,  hnt  is  precipitated  at  the  normal  temperature 
on  neutralizing  the  solvent  by  an  alkali  or  an  acid.  A  solution  of  an  alkali 
or  acid  albuminate  in  acid  is  easily  precipitated  on  satnrating  with  NaCl, 
bot  a  solution  in  alkali  is  precipitated  with  difficulty  or  not  at  all,  according 
to  the  amount  of  alkali  it  contains.  Mineral  acids  in  excess  precipitate 
solutions  of  acid  as  well  as  alkali  albuminates.  Tlie  nearly  neutral  solutions 
of  these  bodies  are  also  precipitated  by  metallic  salts. 

Notwithstanding  this  agreement  in  the  reactions,  the  acid  and  alkali 
albnminates  are  essentially  dilTerent,  for  by  dissolving  an  alkali  albuminate 
in  some  acid  no  acid  albuminate  solution   is  obtained,  nor   is  an   alkali 


*  Ueber  die  Eltiwlrkuag  von  Siiureti  auf  EtweiaaatolTo. 
1898. 


iDQUg.-Dtss,     8traBsburg, 


I 

I 
I 


I 


I 
I 


d 


ALBUM0SB8  AND  PBPT0NS8. 


S8 


Ibaminate  formed  on  dissolving  an  acid  albnminato  in  water  by  the  aid  of 
little  alkalL  In  the  first  case  we  obtain  a  solution  of  the  combination  of 
the  alkali  albuminate  and  the  acid  and  in  tlie  other  case  a  solnlile  combina- 
tion of  the  acid  albuminate  with  the  alkali  added.  The  cliemictU  process 
ill  the  modification  of  proteids  with  an  acid  U  essentially  different  from  the 
modification  with  an  alkali,  hence  the  products  are  of  a  different  kind. 
The  alkali  albuminates  are  relatively  strong  acids.  They  may  be  dissolved 
in  water  with  the  addition  of  CaCO,,  witli  the  elimination  of  CO,,  which 

Ices  not  occur  with  typical  acid  albuminates,  and  they  show  in  opposition 

lo  the  acid  albuminates  also  other  variations  which  stand  in  connection  with 

their  strongly  marked  acid  nature.     Dilute  solntions  of  alkalies  act  more 

energetically  on  proteids  than  do  acids  of  corresponding  concentration.     In 

the  first  case  a  part  of  the  nitrogen,  and  often  also  the  sulphnr,  is  split  off, 

and  from  this  property  we  may  obtain  an  alkali  albuminate  by  the  action 

of  an  alkali  upon  an  acid  albumiuate;  but  we  cannot  obtain  an  acid  albumi- 

aate  by  the  reverse  reaction  (K,  M6rneh*)»     For  this  reason  the  calling 

of  the  modified  proteid  obtained  by  the  action  of  alkali  or  acid^  PROTEiJi, 

wnd  the  combinations  of  this  protein  with  alkali,  alkali  albuminate  and  the 

combination  with  acid,  acid  albuminate,  leads  to  a  misunderstanding  or  to 

a  wrong  conception. 

DMamidoalbTLminio  add  is  an  alkali-albuminiite  which  Scitmie;dbbeiio'  obtained  by 
iJie  ttciiou  of  sucb  weak  tklkali  tbfil  a  part  of  the  nilrogeu  was  evolved,  but  the  quautity 
of  sulphur  rtmiiiDed  the  sjiine.  The  proteid  combiDadoD  obtained  by  Blum  liy  the  action 
of  frtrmol  on  proidd  aud  called  h\  him  protogen,*  1ms  siniiiaritles  with  the  alkali^albu- 
niitinies  lu  regard  to  solubilities  aud  precipitatioa,  but  is  Dot  ideiUical  thtirewilh. 

The  preparation  of  the  albuminates  baa  been  given  above.  By  the 
action  of  alkalies  or  acids  upon  a  proteid  solution  the  corresponding 
albuminate  may  be  precipitated  by  neutralizing  with  acid  or  alkali.  The 
washed  precipitate  is  dissolved  in  water  by  the  aid  of  a  little  alkali  or  acid, 
id  again  precipitated  by  neutralizing  the  solvent.  If  this  precipitate 
rhich  has  been  washed  in  water  is  treated  with  alcohol  and  ether,  the 
]bnminate  will  be  obtained  in  a  pure  form, 

Albiunoftes  and  Peptones.  Peptones  are  designated  as  the  final  prodncta 
of  the  decomposition  of  albuminous  bodies  by  means  of  proteolytic  enzymes, 
so  far  as  these  final  products  are  still  tme  albuminous  bodies,  while  w© 
^designate  as  albumoses,  proteoses,  or  propep tones  the  intermediate  prodncta 
prod  need  in  the  peptonization  of  proteida  in  so  far  as  they  are  substances 
not  similar  to  albuminates.  Albumoses  aod  peptones  may  also  be  produced 
by  the  hydrolytic  decomposition  of  the  proteids  with  acids  or  alkalies,  also 
by  the  pntrefaction  of  the  same.     They  may  also  be  formed  in  very  small 


»  Pfit^cr'8  Archiv,  Bd.  17. 

•  Arch.  f.  exp.  Path.  u.  Phnrm.,  Bd.  39. 

*  Blum,  Zdtscbr.  f.  physio h  Chero.,  Bd.  22.  The  older  Inveaiigations  of  Loew  may 
be  found  in  Maly's  Jjihresber.,  1888.  On  the  action  of  formaldehyde,  see  also  Benedl* 
ct'i.n    T>M  Boiii-Reyinond'a  Arch.,  1897. 
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qaantities  as  by-products  in  the  investigations  of  animal  fluids  and  tissues^ 
and  the  question  to  what  extent  these  exist  preformed  under  physiological 
conditions  requires  very  careful  investigation. 

Between  the  peptone  which  represents  the  final  cleavage  product  and 
the  albumose  which  stands  closest  to  the  original  proteid  we  have 
undoubtedly  a  series  of  intermediate  products.  Under  such  circumstances 
it  is  a  difficult  problem  to  try  to  draw  a  sharp  line  between  the  peptone  and 
the  albumose  group,  and  it  is  just  as  difficult  to  define  our  conception  of 
peptones  and  albumoses  in  an  exact  and  satisfactory  manner. 

The  albumoses  have  been  considered  as  those  albuminous  bodies  whose 
neutral  or  faintly  acid  solutions  do  not  coagulate  on  boiling  and  which,  to 
distinguish  them  from  peptones,  were  characterized  chiefiy  by  the  following 
properties.  The  watery  solutions  are  precipitated  at  the  ordinary  tempera- 
ture by  nitric  acid  as  well  as  by  acetic  acid  and  potassium  ferrocyanide,  and 
this  precipitate  has  the  peculiarity  of  disappearing  on  heating  and  reappear- 
ing on  cooling.  If  a  solution  of  albumoses  is  saturated  with  NaCl  in 
Substance,  the  albumoses  are  partly  precipitated  in  neutral  solutions,  but 
on  the  addition  of  acid  saturated  with  the  salt  they  completely  precipitate. 
This  precipitate,  which  dissolves  on  warming,  is  a  combination  of  albamose 
with  the  acid. 

We  formerly  designated  as  peptone  those  proteid  bodies  which  are  readily 
soluble  in  water  and  which  do  not  coagulate  by  heat,  whose  solutions  are 
precipitated  neither  by  nitric  acid,  nor  by  acetic  acid  and  potassium  ferro- 
cyanide, nor  by  neutral  salts  and  acid. 

The  reactions  and  properties  which  the  albumoses  and  peptones  had  in 
common  were  formerly  considered  as  the  following:  They  give  all  the  color 
reactions  of  the  proteids,  but  with  the  biuret  test  they  give  a  more  beautiful 
red  color  than  the  ordinary  proteids.  They  are  precipitated  by  ammoniacal 
lead  acetate,  by  mercuric  chloride,  tannic,  phospho-tungstic,  phospho- 
molybdic  acids,  potassinm-mercuric  iodide  and  hydrochloric  acid,  and  lastly 
by  picric  acid.  They  are  precipitated  but  not  coagulated  by  alcohol, 
namely,  the  precipitate  obtained  is  soluble  in  water  even  after  being  in 
contact  with  alcohol  for  a  long  time.  The  albumoses  and  peptones  also 
have  a  greater  diffusive  power  than  native  albuminous  bodies,  and  the 
diffusive  power  is  greater  the  nearer  the  questionable  substance  stands  to 
the  final  product,  the  now  so-called  pure  peptone. 

These  old  views  have  undergone  an  essential  change  in  the  last  few 
years.  After  IIeynsius'  '  observation  that  ammonium  sulphate  was  a 
general  precipitant  for  proteids,  also  peptone  in  the  old  sense,  Kuhne'  and 

>  Pflliger's  Archiv,  Bd.  34. 

*  See  Knhne,  Verliandl.  d.  nalurhislor.  Vereins  zu  Heidelberg  (N.  F.).  3 :  J.  Weuz, 
Zeitschr.  f .  Biologic.  Bd.  22  ;  Ktlbne  nnd  Chittenden,  Zeitscbr.  f.  Biologie,  Bd.  22 ;  R. 
l^eumeister,  ibid,,  Bd.  28  ;  EOhue,  ibid,,  Bd.  29. 
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fab  pupils  proposed  this  salt  as  a  means  of  separating  albumoses  and 
peptones.     Those  prod  acts  of  digestion  whicli  separate  on  saturating  their 

r solution  with  ammoninm  snlphate  are  considered  by  Kuhne  and  indeed  by 
most  of  the  modern  investigators  as  albamoses,  while  those  whicli  remain 
in  solation  are  called  peptones  or  pure  peptone.     Tliis  pure  peptone  is 

I  formed  in  relatively  large  amounts  in  pancreatic  digestion,  while  in  pepsin 
digestion  it  is  only  formed  iu  small  fjoantities  or  after  prolonged  digestion. 

According  to  SchCtzenbeuger  and  KChne*  the  proteids  yield  two! 
chief  groups  of  new  alburainona  bodies  when  decomposed  by  dilute  mineral 
aoida  or  with  proteolytic  enzymes;  of  these  the  ant i  group  shows  a  greater 
sistance  to  further  action  of  the  acid  and  enzyme  than  the  other,  namely^ 
the  hemi  f/roup.  These  two  groups  are,  according  to  Kuunk,  united  in 
the  diilerent  albumoses,  even  though  in  variona  relative  amounts,  and  each 
albumose  contains  the  anti  as  well  as  the  hemi  group.  The  same  is  true  for 
the  peptone  obtained  in  pepsin  digestion,  hence  he  calls  it  amphopeptime. 
In  tryptic  digestion  a  cleavage  of  the  amphopeptone  takes  place  into  anti' 
peptane  &in\  heinipejyione.  Of  these  two  peptones  tlie  hemipeptone  is  further 
split  into  araido  acids  and  otlier  bodies  while  tlie  antipeptone  is  not 
attacked.  By  the  sufficiently  energetic  action  of  trypsin  only  one  peptone 
is  at  lust  obtained,  the  so-called  antipeptone.  According  to  the  researches  1 
of  Kctscher'  the  antipeptone  obtained  in  the  pancreatic  digestion  is  not 
a  chemical  individuality,  but  a  mixture  in  which  the  hexon  bases  histidin 

iand  arginin,  besides  monamido  acids,  liave  been  detected.  This  also  follows 
from  the  observations  made  by  Balke  that  the  antipeptone  prepared  by 
him  could  be  separated  into  two  parts  by  phospho-tnngstic  acid>  one  part., 
rich  in  l^aea  and  the  other  rich  in  acids.  For  these  reasons  Kutscher  alsol 
denies  the  chemical  individnality  of  carnic  acid  (see  page  45),  which 
SlEaraiED  and  Balke  consider  as  identical  with  antipeptone.  With  this 
riew  the  work  of  Balke  is  hard  to  reconcile,  as  this  investigator  has 
prepared  several  metallic  salts  of  antipeptone  wliich  corresponds  to  SiEu- 
FsrED's  formula  for  carnic  acid.  As  we  are  not  justified  iu  doubting  the 
reliability  of  either   investigator  we   can   possibly  seek  the  contradictory 

I  itatements  in  the  manner  of  procedure  of  the  two  inveetigators.  Balke 
allowed  the  digestion  to  go  on  for  only  four  days,  while  Kutscher,  on  the 
contrary,  allowed  it  to  continue  for  forty  days;  and  as  KtrxscHER,  in  a  sub- 
fieqnent  work,*  has  shown  that  by  sufficiently  energetic  and  continuous  trypsin 
digestion  the  antipeptone  (the  substance  which  gives  the  biuret  reaction)  is 
completely  decomposed  or  exists  only  as  traces,  it  is  possible  that  Kutscher 


IficbUtZieLiberger.    Bull,    de  la  soc*   chlmique  de  Paris,  SB  ;  Ktlhne,  Yerhandl.  d. 
"SSiurhist.  Vereioa  zu  HeideJbert^  (N.  F  ),  BcU  1;  nud  Kribuc  and  Cljitteiidea,  Zeitschr* 
f.  Biologic.  Bd.  19.     See  also  Paiil,  Ber.  d»  deutscb.  clieni.  Gesellacb.,  Bd.  37, 
«  Zeitschr,  f.  pbysioL  Cliem.,  Bd.  3.'5,  8.  195,  and  Bd.  20.  S,  110. 
*  Die  Eodproduktc  der  Trypsiuverdauuug,  Eabilitatioo^clirift,  Stroasburg,  1899. 
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in  his  lengthy  digestion  experiments  split  the  chief  part  of  Balee's  anti- 
peptone.  This  question  requires  further  elucidation.  On  account  of 
observations  given  in  the  previous  memoir  Kutscheb  is  of  the  opinion  that 
at  least  in  the  proteids  of  the  pancreas  gland  the  occurrence  of  an  anti 
group  may  be  excluded.  He  also,  for  other  reasons,  differs  from  the 
common  view  of  Kuhne,  in  regard  to  the  digestive  cleavage  of  proteids. 
According  to  him  it  would  be  simplest  and  best  to  return  to  the  old  nomen- 
clature and  call  the  primary  albumoses  propeptone  and  the  deuteroalbumoses 
and  Kuhne's  peptone,  on  the  contrary,  peptone. 

Kuhne  and  his  pupils,  who  have  conducted  these  complete  investiga- 
tions on  the  albumoses  and  peptones,  classify  the  various  albumoses  accord- 
ing to  their  different  solubilities  and  precipitation  powers.  In  the  pepsin 
digestion  of  fibrin*  they  obtained  the  following  albumoses:  (a)  Hetero* 
alhumose^  insoluble  in  water  but  soluble  in  dilute  salt  solution;  {h) 
Froialbumose,  soluble  in  salt  solution  and  water.  These  two  albumoses  are 
precipitated  by  NaCl  in  neutral  solutions,  but  not  completely.  Hetero- 
albumose  may,  by  being  in  contact  with  water  for  a  long  time  or  by  drying, 
be  converted  into  a  modification,  called  (c)  Dysalbumose^  which  is  insoluble 
in  dilute  salt  solutions,  (d)  DeuierocUbumose  is  an  albumose  which  is 
soluble  is  water  and  dilute  salt  solution  and  which  is  incompletely  precipi- 
tated from  acid  solution  by  saturating  with  NaCl  and  not  precipitated  from 
neutral  solutions.  This  precipitate  is  a  combination  of  the  albumose  with 
acid  (Herth').  The  heteroalbumose  is  essentially  the  same,  as  described 
by  Brucke,  as  peptone. 

The  albumoses  obtained  from  different  proteid  bodies  do  not  seem  to  be 
identical,  but  differ  in  their  behavior  to  precipitants.  Special  names  have 
been  given  to  these  various  albumoses  according  to  the  mother-proteid, 
namely,  globuloses,  vitelloses^  caseoseSy  myosinoseSy  etc.  These  various 
albumoses  ai'e  further  distinguished,  eLsproto-j  hereto-^  and  e^u/^o-caseoses 
for  example.  All  the  albumoses  formed  in  the  digestion  of  animal  and 
vegetable  proteid  are  embraced  in  the  common  name  proteoses  by  Chitten- 
den.' Certain  proteoses  have  also  been  obtained  in  a  crystalline  state 
(Schrotter). 

Neumeister*  designates  as  atmidaUmmose  that  body  which  is  obtaiDed  by  the  action 
of  superheated  steam  on  fibrin.  At  the  same  time  he  also  obtained  a  substance  called 
aimidalbuniia,  which  stands  between  the  albuminates  and  the  albumoses. 

1  See  Kuhne  and  Chittenden,  Zeitschr.  f.  Biologic,  Bd.  20. 

'  Mouatshefte  f.  Chem.,  Bd.  5. 

»  Ktthne  and  Chittenden,  Zeitschr.  f.  Biologic,  Bdd.  22  and  25;  Neumeister,  ibid., 
Bd.  23 ;  Chittenden  and  Hartwell,  Journ.  of  Physiol.,  Vols.  11  and  12  ;  Chittenden  and 
Painter,  Studies  from  the  Laboratory,  etc.,  Yale  University,  Vol.  2,  New  Haven,  1891 ; 
Chittenden,  xhid.,  Vol.  3;  Sebelien,  Chem.  Centralblatt,  1890;  Chittenden  and  Good- 
"win,  Journ.  of  Physiol.,  Vol.  12. 

<  Zeitschr.  f.  Biologic,  Bd.  26.  See  also  Chittenden  and  Mer ra,  Journ.  of  Physiol., 
Vol.  15.  and  Salkowski,  Zeitschr.  f.  Biologic,  Bd.  84. 
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Of  the  soluble  albnmoses  Neumeister  designates  protoalbnmose  and 
heteroalbamose  as  primary  albumoseSy  while  the  denteroalbamoaea,  which 
are  closely  allied  to  the  peptones,  he  calls  secondart/  aJbumoses.  As  easen- 
tial  difference  between  the  primary  and  secondary  album osea  he  enggests  the 
following:*  The  primar}*  albamosos  are  precipitated  by  nitric  acid  in  aalt- 
free  eolntionsj  while  the  secondary  albnmoses  are  only  precipitated  in  salt 
Bolotions,  and  certain  denteroalbnmoBes,  such  as  denteroviteJlose  and  den- 
teroniyoginose,  are  only  precipitated  by  nitric  acid  in  solntions  saturated 
with  XaCl.  The  primary  albumoses  are  precipitated  from  nentral  solutions 
by  copper  snlphate  solution  (2  :  100),  also  by  NaCl  in  substance,  while  the 
secondary  albumoses  are  not.  The  primary  albumoses  are  completely  pre* 
cipitated  from  tJieir  solution  saturated  with  NaCl  by  the  addition  of  acetic 
acid  saturated  with  salt,  while  the  secondary  albumoses  are  only  partly 
precipitated.  The  primary  albamoees  are  readily  precipitated  by  acetic 
acid  and  potassium  ferrocyanide,  while  the  secondary  are  only  incompletely 
precipitated  after  some  time.  The  primary  albumoses  are  also,  according 
to  Pick,'  completely  precipitated  by  ammonium  sulphate  (add  to  one  half 
eatu ration),  while  the  secondary  albumoses  remain  in  solution. 

The  true  peptones  are  exceedingly  hygroscopic,  and  when  perfectly  dry 
sizzle  like  phosplioric  anhydride  when  treated  with  water.  They  are 
exceedingly  soluble  in  water,  ditluse  more  readily  than  the  albumoses,  and 
are  not  precipitated  by  ammonium  sulphate.  In  contradistinction  to  the 
albamoees  the  trae  peptones  are  not  precipitated  by  nitric  acid  (even  in 
solution  saturated  with  salt),  by  acetic  iicid  saturated  with  salt  and  sodiam 
chloride,  potassium  ferrocyanide  and  acetic  acid,  picric  acid,  trichloracetic 
acid,  mercuric-potassium  iodide  and  hydrochloric  acid.  They  are  precipi- 
tated by  phospho-tungstic  acid,  pbospho-molybdic  acid,  corrosive  sublimate 
(in  the  absence  of  nentral  salts),  absolute  alcohol  and  tannic  acid,  bnt  the 

dpitate  may  redissolve  on  the  addition  of  an  excess  of  the  precipitant. 

As  important  difference  between  ampho-peptone  and  untipeptone  we  must 

also  mention  that  the  first  gives  Millox's  reaction  while  the  antipeptone 

does  not. 

Ill  regnrd  to  ibe  precipitation  by  alcohol  we  mu^i  cnM  aUeDtioa  to  tbe  observations  of 
Frakkel  that  not  ouly  are  the  Bciil  combiufttioris  of  peptooe  ^Paal)  soluble  in  alcohol, 
bui  also  the  free  peploue,  qiuI  Fkankel  bus  even  aiiggested  &  jnelhod  of  preparation 
huatiX  on  this  behavior.  ScrnuiTTER*  baa  also  prepared  crystalliuc  albumoses  wbicb 
were  soluble  iu  hot  alcobol,  especially  melhyl  aicobol. 

According  to  the  ordinary  view  the  albnmoses  are  intermediary  steps  in 
the  formation  of  peptone,  and  indeed  that  from  the  primary  albomoses  the 
deateroalbomose  is  derived  and  from  this  then  the  peptone.     In  opposition 

*  Ntnimeister»  Zeitschr,  t  Biologic,  Bdd.  24,  26, 
'Zeitschr.  f.  physiol.  Cbcm..  Bd.  24. 

*  FrJliikel,  Zur  Keuuliiissc  der  Zerfullsprodnkte  dcs  Elweisses  l>ei  peptlscber  iiad 
tiyptbchcr  Verdauuug.     Wieii.  1896  ;— SchrOUer.  MonaUbefle  f.  Obem.,  Bdd.  14»  16. 
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to  this  view  it  seem  a  remarkable  that,  as  found  by  Kuhke,'  the  deatero* 
fihrinosea  diffnse  less  readily  than  the  i)roto(lbrlnose8,  and  also,  according  to 
Sabakejew,  the  denteroalbiinioseH  ha%'e  a  higher  molecular  weight  (3200) 
than  the  protulbumoses  (24G7-2i)43).  The  peiitones  have  a  lower  molecular 
weight,  as  shown  by  Sabanejew,  Paal^  8.t5qvist,*  to  lie  between  400  and 
250  for  various  preparations.  ScH hotter  found  the  molecular  weight  of 
his  albumoses  to  be  «jOO-700.  According  to  Paal  the  acid-combining 
power  of  the  hydration  products  prod  need  in  peptonization  increasea  as  the 
molecular  weight  decreases.  Coitniieim'  found  this  statement  true,  as  he 
discovered  that  the  antipeptone  had  a  mnch  higher  hydrochloric  acid-com- 
bioing  power  than  the  albumoses.  He  also  found  that  the  heteroalbumose 
united  with  a  much  greater  quantity  of  acid  than  the  deuteroalbuniose* 

ScHKOTTEa*  objects  to  the  alwve  view  as  to  the  alLtunosHia  liehig  inteiiiit^diaiy  5*lej)a 
in  the  formiUioQ  of  peplone,  iimsmucb  as,  accordiog  to  him.  no  albiiiiumesure  tirel  farmed 
by  tliu  action  of  acids  on  proteicls  wbieb  Lbeii  yield  peptone,  but  ibe  proteid  b  siiJiuU 
taoeously  split  into  albumoses  and  peptoues. 

As  aboTO  stated,  we  consider  the  behavior  to  ammonium  sulpliate  as  the 
absolute  diilcrence  between  albumoses  and  peptones.  It  is  still  doubtful 
whether  the  behavior  of  a  single  salt,  the  ammonium  sulphate,  yields  suffi- 
cient basis  for  the  characterization  of  two  groaps  of  albuminons  bodies,  the 
albumoses  and  peptones;  and  this  question  ia  warranted  since,  according  to 
Neumeister,  we  have  a  deuteroalbumoae  (formed  from  the  protalbamose  in 
peptic  digestion)  which  is  not  com|»letely  precipitated  by  ammonium 
sulphate.  It  seems  tluit  tlie  transformation  of  proteitls  into  peptones  takea 
place  throngh  a  number  of  intermediate  steps  similar  to  the  trans- 
formation of  starch  into  sugar  through  a  series  of  dextrins,  and  as 
ammonium  sulphate  is  not  a  means  of  separation  between  dextrins  and 
BOgar,  although  it  precipitates  certain  dextrins,  but  not  all,  so  also  it  is  a 
question  whether  it  can  serve  as  a  means  of  separation  for  the  albumoses 
and  peptones.  A  complete  separation  of  these  several  intermediate  products, 
as  well  as  their  purification,  is  such  an  extremely  difficult  task  that  it  is 
nearly  impossible  at  present  to  say  how  far  such  a  differentiation  is 
warranted  or  feasible* 

Id  recent  times  otber  points  of  difference  between  the  peptooesaud  albumoses  bas  been 
sought  for,  aud  Scuuotter  aod  Fkankel  *  consider  the  sulphur  aa  sucb.  8cn rotter  dea- 
ignnlCB  the  following  oa  tlie  difference  but  ween  nlbumosea  and  peptones.  The  filbtinioaes 
contain  moro  nitrogen  and  have  a  higher  molecular  weight  and  coniafn  sulphur.  Ac- 
cordiog to  Fkankel  the  pcptonea  are  always  free  from  sulphur.  Tbe  albumoses,  on  the 
contrary^  contain  sulphur,  and  he  baa  only  found  one  albumose  (in  KUbne'a  sense)  wlitch 
did  not  cout^dn  sulpbur. 

^  Zeitschr,  f.  Biologic,  Bd.  29. 

•Sabanejew,  Ber.  d,  deuiscb.  chem.  GesellBch..  Bd,  26;  Paal  iUd.,  Bd,  27  j  Sj5» 
qvist,  Skand,  Arch.  f.  Physiol.,  Bd.  5. 

'  Paal.  I.  c  '.  Cohnbeim,  Zeltachr,  L  Biologic,  Bd.  S3. 
*  Monatahefte  f.  Cbem.,  Bd,  16. 
» 8cbr5Uer.  1.  c. ;  Prttakel,  L  c. 
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ALBUM0SB8  AND  PEPTONm 


The  qaestion  as  to  the  difference  between  albumogea  and  peptones 
has  lately  taken  another  phase,  as  it  is  a  qnestioTi  whether  the  so-called 
pure  peptones  are  trae  proteids  or  not.  According  to  the  researches  of 
SiEuFKtED  and  his  pupils,'  antipeptone  is  identical  with  carnic  acid  (see 
page  43),  If  this  ia  true,  then  antipeptone  is  a  monobasic  acid  with  the 
formula  C^^Hj^XjO, ,  having  a  still  smaller  molecolar  weight  than  the 
protamius,  which  can  hardly  be  considered  as  proteid*  Under  such  circum- 
stances it  seems  perhaps  best  to  drop  the  name  antipeptone  if  we  continue 
to  dedgnate  such  bodies  peptones,  which  are  still  true  proteids  (in  ordinary 
sense).  In  the  sufficiently  energetic  trypsin  digestion  no  peptone  at  all 
is  produced  only  simpler  cleavage  products,  and  the  so-called  amphopeptone 
formed  in  pepsin  digestion  is  the  ony  one  which  remains,  the  careful  stndy 
of  which  will  be  of  the  greatest  interest. 

Lawhow  *  has  recently  published  bis  investigations  on  the  peptic  and 
tryptic  digestive  products.  These  observations  show  that  the  products  not 
precipitated  by  ammonium  sulphate  are  not  true  proteids,  but  consist  of  a 
mixture  of  decomposition  products  of  true  proteids.  The  action  of  various 
albnmoses  and  peptones,  as  also  antialbiimid,  as  well  as  gelatoses  and  gelatin 
peptone,  upon  the  blood-pressure,  blood -coagulation,  etc.,  has  been  studied 
by  Chittenden  '  and  his  pupils,  and  in  connection  with  this  work  they  also 
ive  a  few  chemical  investigations  as  to  the  questionable  bodies.  An 
Pkntipeptone  which  was  prepared  from  pure  antialbumid  by  trypsin  digestion 
contained  on  an  average  C  50.93;  N  13.58;  and  S  1.625^.  The  low  per- 
centage  of  nitrogen  indicates  that  the  body  was  not  contaminated  by  basic 
substances,  or  only  to  an  insignificant  extent.  On  cleavage  by  boiling  with 
20^  hydrochloric  acid  and  then  determining  the  total  nitrogen,  the 
fimonia  nitrogen,  and  the  basic  nitrogen  containecl  in  the  phospho-tungstio 
■id  precipitate,  they  found  that  the  basic  nitrogen  amounted  to  17.2;^  of 
the  total  nitrogen  of  antialbumid,  27.0^  of  the  hernial bumose,  and  20.7y<^  of 
the  hemipeptone. 

What  relationship  do  the  albnmoses  and  peptones  bear  to  the  proteid 

rom  which  they  are  formed?    The  numerous  analyses  of  different  albumoses 

aade  thus  far  show  chiefly  that,   with  the  exception  of  those  albnmoses 

rhich  stand  closest  to  the  true  peptoneSj  there  ia  no  essential  dilTerence 

between  the  composition  of  the  original  proteids   and  the   corresponding 

albnmoses.     The  pure  jieptones,  as  well  as  certain  albumoses  standing  close 

to  the  pare  peptones,  seem,  on  the  contrary,  to  contain  about  the  same 

aoant  of  hydrogen  and  nitrogen  and  to  be  habitaally  poorer  in  carbon  than 

'  Ihe  primary  albnmoses  or  the  proteid.* 

'  8ee  foot-Dole  on  carnic  ncid,  f-^nii-nnte  %,  page  4S 

*  Zeitschr  f.  pbyfeiol.  Chem.,  Bd.  26, 

*  Amen  Joum.  of  Pbysiol,  VoL  2. 

*  Elementary  analyies  of  albumosea  and  pepiones  will  be  found  in  the  works  of 
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The  elementary  analyses  made  up  to  the  present  time  have  not  giren  us 
a  positive  answer  in  regard  to  the  relationship  existing  between  the  proteids 
on  one  side  and  the  albnmoses  and  peptones  on  the  other.  The  view  that 
the  peptone  formation  is  a  hydrolytic  splitting  is  accepted  by  Hoppe- 
Seyler,  Et^HKE,  Hennikgeb,  and  indeed  by  nearly  all  recent  investi- 
gators. In  support  of  this  view  we  have  the  observations  of  Henningeb 
and  Hofmeister/  according  to  which  peptones  (the  albumoses)  are  con- 
verted into  a  proteid  similar  to  albuminates  by  the  action  of  acetic  acid 
anhydride,  or  by  heating  so  that  water  is  expelled.  According  to 
Schrotter^  the  albumoses  do  not  yield  a  regenerated  proteid  with  acetic 
anhydride,  but  an  acetyl  derivative  insoluble  in  water.  An  albuminate-like 
proteid  may  undoubtedly  also  be  regained  on  heating,  which  is  in  accord 
with  Neumeister's  observations. 

According  to  other  investigators,  as  Malt,  Herth,  Loew,  and  others,  the  formation 
of  peptone  is  a  depolymerization  of  the  proteid.  A  third  view  is  that  proteids  and 
peptones  are  isomeric  bodies;  while  a  fourth  view  (Griessmaybr ')  claims  that  the  pro- 
teids consist  of  micell  groups  which  on  peptonization  are  first  converted  into  micelli  and 
then  further  into  molecules.  Though  an  ordinary  proteid  solution  contains  micelli  or 
micell  bonds,  so  also  a  peptone  solution  contains  proteid  molecules. 

The  preparation  of  different  albumoses  in  a  perfectly  pure  form  is  very 
troublesome  and  accompanied  with  a  great  many  difficulties.  For  this 
reason  there  will  be  given  here  only  the  general  methods  by  which  the 
different  albumose  precipitates  are  obtained.  If  we  proceed  from  a  solution 
of  fibrin  in  pepsin  hydrochloric  acid,  we  first  remove  the  syntonin  or  some 
coagulable  proteid  present  by  first  neutralizing  and  then  coagulating  by 
heat.  The  neutral  filtrate  is  saturated  with  NaCl,  which  precipitates  a 
mixture  of  primary  albumoses.  This  precipitate  is  washed  with  a  saturated 
NaCl  solution,  pressed  and  dissolved  in  dilute  salt  solution.  An  insoluble 
residue  remains,  which  is  called  dysalbumose.  The  solntion  of  the  primary 
albumoses  is  repeatedly  and  completely  dialyzed.  Heteroalbumose  separates 
out,  while  the  protalbumose  remains  in  solution  and  may  be  precipitated  by 
alcohol.  The  above  filtrate,  which  has  had  the  primary  albumoses  removed 
and  saturated  with  NaCl,  is  treated  with  acetic  acid,  which  has  previously 
been  saturated  with  NaCl,  until  no  further  precipitate  occurs.  This  pre- 
cipitate, which  consists  of  a  mixture  of  primary  and  secondary  albumoses,  is 
filtered  off,  the  filtrate  freed  from  salt  by  dialysis,  and  the  deuteroalbu- 
mose  precipitated  by  ammonium  sulphate.  The  various  albumoses  may 
also  be  precipitated  from  the  original  solution  by  ammonium  sulphate, 
dissolved  in  water  and  freed  from  ammonium  sulphate  by  means  of  dialysis, 
and  then  separated  as  above  described. 

Kabue  and  Chittenden,  cited  in  foot-note,  page  36 ;  also  by  Herth,  Zeitschr.  f.  jihysiol. 
Chem.,  Bd.  1,  and  Monatshefte  f.  Chem.,  Bd.  5;  Maly,  PflUger's  Arch.,  Bdd.  9,  12. 
Henuinger,  Compt.  rend.,  Tome  86  ;  ScbrOtter,  1.  c;  Paal,  1.  c. 

'  Hoppe-Seyler,  Physiol.  Chem.,  Berlin,  1881 ;  KQhne,  1.  c;  Henninger,  1.  c;  Hof- 
meister,  Zeitschr.  f.  physiol.  Chem.,  Bd.  2. 

»  Monatshefte  f.  Chem.,  Bd.  17. 

» Maly,  1.  c;  Herth,  1.  c;  Loew,  Pflilger's  Arch.,  Bd.  31 ;  Griessmayer,  see  Maly*8 
Jahresb..  Bd.  14.  B.  26. 
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In  the  separation  of  primary  albnmoses  from  the  secondary,  as  well  as  in 
the  separation  of  the  different  denteroalbamoses,  we  can  make  nse  of  frac- 
tional precipitation  with  ammonium  sulphate  as  suggested  by  Pick,  Umber  * 
hag  investigated  the  proteid-like  cleavage  products  obtained  on  the  pepsin 
digestion  of  ovalbumin,  seralbumin,  and  Berglobulin  by  Pick's  method, 
F.  ALuEXANDEr'  hsLB  done  the  same  for  casein.  The  usefulness  of  tliia 
method  has  been  established,  and  though  certain  differences  of  the  various 
proteids  appear,  still  we  always  obtain  an  equal  number  of  cleavage  products, 
which  may  be  separated  by  fractional  precipitation  with  ammoniom 
sulphate.  The  first  fraction  contains  the  primary  albumoses^  the  second, 
third,  and  fourth  fractions  the  various  deuteroalbumoses,  and  the  fifth  and 
sixth  two  different  peptones.  Casein  gave  only  very  little  heteroalbumose 
and  then  a  peptone.  S.  Frank  el,*  in  the  preparation  of  pure  dentero- 
albnmoses,  first  removes  the  primary  albomoses  by  precipitation  with  copper 
sulphate.  Mulleb*  separates  the  albnmoses  from  the  peptones  by  the 
addition  of  an  equal  vol  time  of  a  30^  ferric  chloride  solution  and  the 
addition  of  alkali  until  the  reaction  is  only  faintly  acid.  The  filtrate  from 
the  volaminous  precipitate  ia  treated  with  2inc  carbonate  and  filtered  after 
thorough  stirring.  The  filtrate  is  generally  free  from  albnmoses.  Only  in 
Bolations  of  Witters  peptone  was  it  necessary  to  concentrate  the  filtrate  to 
|— ^  its  volume  and  adding  a  little  more  ferric  chloride  and  zinc  carbooate 
to  free  the  solution  from  remaining  traces  of  albnmoses. 

In  the  preparation  of  true  peptone  we  make  nse  of  a  prolonged  pepsin 
digestion,  but  much  quicker  results  are  obtained  by  tlie  nse  of  trypsin 
digestion.  The  albnmoses  must  be  entirely  removed »  which  is  done  by 
alternately  precipitating  in  acid,  neutral  and  alkaline  solution,  with 
ammonium  sulphate.  According  to  Kuhk'e"  we  proceed  in  the  following 
way:  The  sufficiently  dilate  and  neutral  solution  (free  from  albuminates 
and  coagulable  proteids)  is  first  precipitated,  while  boiling  hot,  with 
ammoninm  sulphate.  On  cooling  the  precipitated  albnmoses  and  crystal- 
lized salt  are  removed  by  filtration  and  the  filtrate  heated  to  boiling,  made 
strongly  alkaline  with  ammonia  and  ammonium  carbonate,  again  saturated 
with  ammonium  sulphate  at  the  boiling  temperature,  Kemove  precipitate 
by  filtration  when  cold,  heat  the  filtrate  again  until  all  odor  of  ammonia  ia 
expelled,  saturate  with  ammonium  snlpliate  while  hot,  and  acidify  with 
acetic  acid  and  filter  on  cooling. 

The  filtrate  is  freed  from  a  great  part  of  the  salt  by  strongly  concentrat- 
ing the  liquid,  allowing  it  to  cool,  and  removing  the  salt  by  filtration. 
Another  large  portion  of  the  salt  may  be  removed  from  tbia  filtrate  by  the 
c&refol  fractional  precipitation  with  alcohol,  which  yields  an  alcoholic  solu- 


*  Zeitacbr.  f.  pbyaiob  Cliem.,  Bd.  25. 
•/&R.  Bd.  35.  S,  41L 

•Pick,  h  C-;  Frankei  Monalahefte  f.  Cliem.,  Bd.  18* 
«ZeitBc1ir  f.  phyBiol  Chem.,  Bd,  26. 

*  Zcitochr.  f.  Biulugie.  Bd.  29. 
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tioQ  rich  in  peptone  with  onlj  a  small  qaantity  of  ammoniam  salt.  Thid 
eolation  is  boiled  to  remove  the  alcohol,  aad  then  boiled  with  barium  car- 
bonate to  remove  the  ammoniam  sulphate.  The  filtrate  is  freed  from 
excess  of  barinm  by  the  careful  addition  of  dilute  sulphuric  acid.  This 
filtrate,  which  must  not  contain  an  excess  of  sulphuric  acid,  is  now  concen- 
trated and  the  peptone  precipitated  therefrom  by  alcohol. 

Frankel  has  suggested  another  melhud  which  is  dependeDt  upon  the  solubility  of 
the  peptones  iu  alcohol.  Bauhann  itnd  Bomkk  ^  precipitate  the  albumoses  by  zinc 
sulphate. 

For  the  detection  of  albumoses  and  peptones  in  animal  fluids  we  proceed 
as  follows,  according  to  Devoto:  The  coagulable  proteids*  are  removed  by 
prolonged  heating,  the  solution  saturated  with  ammonium  sulphate.  True 
peptones  (besides  deuteroalbumose  not  precipitated)  may  be  detected  in  the 
cold  filtrate  by  means  of  the  biuret  test.  The  remaining  albumoses  are 
contained  in  the  mixture  of  precipitate  and  salt  crystals  collected  on  the 
filter.  The  albumoses  are  dissolved  from  this  mixture  by  wasliing  with 
water,  and  may  be  detected  in  the  wash-water  by  means  of  the  biuret  test. 
According  to  IIalliburton  and  Colls'  traces  of  albumoses  may  be 
formed  in  this  method  by  the  prolonged  heating.  As  the  best  method  they 
suggest  either  the  precipitation  of  the  native  proteids  by  the  addition  of 
10^  trichloracetic  acid  solution  or  making  the  native  proteids  insoluble  by 
the  continuous  action  of  alcohol.  The  last  method  is  not  quite  applicable 
to  blood-serum,  as  the  so-calbd  fibrin-ferment,  which  also  gives  the  biuret 
test,  is  not  made  insoluble  by  this  procedure. 

If  a  solution  saturated  with  ammonium  sulphate  is  to  be  tested  by  the 
biuret  test,  it  must  first  be  treated  with  a  slight  excess  of  concentrated 
caustic-soda  solution,  keeping  the  solution  cold,  and  after  the  sodium 
sulphate  has  settled  the  liquid  is  treated  with  a  2^  solution  of  copper 
sulphate,  drop  by  drop. 

The  biuret  test  (colorimetric)  and  the  polariscopic  method  have  been 
used  in  the  quantitative  estimation  of  albumoses  and  peptones.  These 
methods  do  not  yield  exact  results. 

Coagulated  Proteids.  Proteids  may  be  converted  into  the  coagulated 
condition  by  different  means:  by  heating  (see  page  25),  by  the  action  of 
alcohol,  especially  in  the  presence  of  neutral  salts,  by  prolonged  shaking 
their  solutions  (Ramsdex  '),  and  in  certain  cases,  as  in  the  conversion  of 
fibrinogen  into  fibrin  (Chapter  VI),  by  the  action  of  an  enzyme.  The 
nature  of  the  processes  which  take  place  during  coagulation  is  unknown. 
The  coagulated  albuminous  bodies  are  insoluble  in  water,  in  neutral  salt 
solutions,  and  in  dilute  acids  or  alkalies,  at  normal  temperature.  They  are 
dissolved  and  converted  into  albuminates  by  the  action  of  less  dilute  acids 
or  alkalies,  especially  on  heating. 

Coagulated  proteids  seem  also  to  occur  in  animal  tissues.     We  find,  at 

>  Frankel,  1.  c.  Zur  Keuntniss.  etc.;  BOmer,  Chem.  Cenlralbl.  1898,  1.  S.  640. 
«  Devoto,  Zeitschr.  f.  physiol.  Chem.,  Bd.  15 ;  Halliburton  and  Colls,  Joum.  of  Path. 
mndBact..  1895. 

*  Du  Bois-Reymond's  Arch.,  1894. 
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least  in  many  organs  sucli  an  the  liver  and  other  glands,  proteids  which  are 
not  solnble  in  water,  dilute  salt  solotions,  or  very  dilate  alkalies,  and  only 
dUsolre  after  being  modified  by  strong  alkalies, 

Appoudix. 

Yegetable  Proteids.  Vegetable  proteids  seem  to  hare  the  same  essential 
properties  as  the  animal  proteids,  and  the  tliree  chief  grou|i8  of  native 
proteids  occur  in  the  plants  as  well  as  the  animal  organism.  We  recognize 
the  following  as  vegetable  proteids:  albumins^  glohnllns  (phytovitelliri, 
vegetable  myosin,  paraglobnlin),  and  nucleoaUfumins  (pea-legnmin).  Be- 
sides these  a  special  group  of  coagulated  proteids,  so-called  gluten  proteins^ 
ficcar^  which  are  partly  soluble  in  alcohol.  It  seems  that  too  much  im- 
portance IS  given  to  the  solubilities  of  the  vegetable  proteids,  and  more 
exhaustive  investigations  seem  to  be  necessary/ 

Poisonoiis  Proteids.  Attention  was  called  in  the  first  chapter  to  the  fact 
that  high  plants  and  aniuials,  as  well  as  microbes,  can  produce  proteids 
having  specific,  sometimes  intense,  poisonous  action, 

Wa  know  very  little  positively  in  regard  to  the  nature  of  these  proteids. 
Those  which  have  been  isolated  belong  to  certain  of  the  proteid  groups — 
some  are  albumins,  others  globulins  or  compound  proteids,  and  the  majority 
seem  to  be  albumoaes — ^etill  little  is  known  in  regard  to  their  chemical 
nature.  From  a  chemical  standpoint  we  do  not  differentiate  between  a 
poisonous  and  a  harmless  proteid;  for  example,  between  a  poisonous  and  a 
non-poisonous  globulin.  The  fundamental  question  whether  those  that 
have  been  isolated  as  poisonous  proteid  a  are  really  poisonous  or  not,  or 
irhether  they  consist  of  a  harmless  proteid  contaminated  with  a  poisonous 
substance,  cannot  be  considered  as  settled. 

Carnic  acid,  which  is  considered  as  identical  with  antipeptone,  stands  in 
elose  relationship  to  tlie  so-called  true  peptones. 

Camic  Acid*  This  acid,  discovered  by  SieptFIiiet),  was  first  obtained  as 
a  c  eivage  product  of  pboapho-carnic  acid  occurring  in  muscles  (see  Chapter 
XI).  Carnic  acid  is  produced  from  the  proteid,  according  to  Sieofried, 
under  the  same  conditions  as  antipeptoue,  with  which  Balke'  considers  it 
identical  (see  page  35).  It  is  a  monobasic  acid  with  the  formula 
C„H,^N,0^.  It  is  split  into  lysin,'  lysatin^  and  ammonia  by  15^  hydro- 
chloric acid  at  130°  C,  which  seems  remarkable  when  we  consider  the  low 
molecular  weight  of  the  acid  and  the   presence  of  only  three  atoms  of 


*  See  Ejeldabl  :  Undere/igclaer  over  de  opttske  Forbold  boa  uogle  Plimlceeggebvide- 
ftoffer.  FurhimdHnger  ved  de  skandinavmko  Namrforskerea  14.  M5de.  K]5ben* 
b&VD,  1892. 

*  Siegfried,  Du  Boia-Reymond's  Arch,,  1894,  aad  ZeitK:bf.  f.  pbysiol.  Cbem.,  Bd. 
Ul ;  fifilke,  ilmk,  Bd.  22. 
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nitrogen  in  the  molecule.  On  the  oxidation  of  the  bariam  salt  by  barium 
permanganate  oxycarnic  acid^  with  the  formula,  C„H^,N,0,, ,  is  obtained, 
which  is  derived  from  three  molecules  of  camic  acid  with  the  elimination 
of  four  atoms  of  hydrogen. 

Garnic  acid  is  an  extremely  hygroscopic  substance,  being  very  soluble  in 
water.  It  also  dissolves  in  hot  alcohol  and  separates  out  as  undefined 
crystalline  plates  on  cooling.  It  gives  with  hydrochloric  acid  an  additional 
product  with  the  formula  C,,H,,N,0^.HC1,  and  also  yields  salts  with  several 
metals.  Among  the  salts  the  silver  salt  with  42.6^  silver  is  of  special 
importance.  This  acid  acts  like  antipeptone  towards  most  precipitants  and, 
like  this,  is  not  precipitated  by  ammonium  sulphate. 

The  methods  of  preparing  camic  acid  from  proteids  are  the  same  as  the  methods  of 
preparing  pure  antipei5tODe8  In  tryptic  digestion.  According  to  Sieofried  carnic  acid  is 
obtained  from  meat  extract  in  the  following  way:  The  extract  free  from  proteids  is  com- 
pletely precipitated  with  calcium  chloride  and,  ammonia.  The  phosphocarnic  acid  is 
precipitated  from  the  filtrate  as  an  iron  combination,  carniferrin,  by  ferric  chloride.  This 
carniferrin  is  decomposed  at  50**  by  barium  hydrate,  filtered,  the  excess  of  barium  re- 
moved from  the  filtrate  bv  sulphuric  acid,  filtered,  concentrated  and  precipitated  with 
alcohol.    The  acid  is  purified  by  repeated  resolution  and  precipitation  with  alcohol. 

II.  Compound  Proteids. 

With  this  name  we  designate  a  class  of  bodies  which  are  more  complex 
than  the  simple  proteids  and  which  yield  as  nearest  splitting  products 
simple  proteids  on  one  side  and  non-proteid  bodies,  such  as  coloring  matters, 
carbohydrates,  xanthin  bodies,  etc.,  on  the  other. ^ 

The  compound  proteids  known  at  the  present  time  are  divided  into 
three  chief  groups.  These  groups  are  the  hwmoglobinsy  the  glycoproteidsj 
and  the  7iucleoproteids,  The  haemoglobins  will  be  treated  of  in  a  following 
chapter  (Chapter  VI),  on  the  blood. 

Glycoproteids  are  those  compound  proteids  which  on  decomposition 
yield  a  proteid  on  one  side  and  a  carbohydrate  or  derivatives  of  the  same  on 
the  other,  but  no  xanthin  bodies.  Some  glycoproteids  are  free  from  phos- 
phorus (mucin  substances,  chondroproteids,  and  hyalogens),  and  some 
contain  phosphorus  (phosphoglycoproteids). 

Mucin  Substances.  We  designate  as  mucins  colloid  substances  whose 
solutions  are  mucilaginous  and  thready,  and  which  when  treated  with  acetic 
acid  give  a  precipitate  insoluble  in  an  excess  of  acid,  and  on  boiling  with 
dilute  mineral  acids  yield  a  substance  capable  of  reducing  copper  oxyhydrate. 
This  last-mentioned  fact,  which  was  first  observed  by  Eichwald,'  differen- 
tiates mucins  from  other  bodies  which  have  long  been  mistaken  for  it  and 
which  have  similar  physical  properties.     On  the  other  hand,  bodies  whose 

*  Hojipe-Seyler  bas  given  the  name  proteide  to  these  compound  proteids,  but  as  this 
term  is  misleading  iu  English  we  do  not  use  it  in  English  classifications  in  this  sense 
«  Annal.  d.  Chem.  u.  Pharm..  Bd.  184. 
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physical  properties  differ  from  it,  but  which  give  a  reducible  eubstance  on 
boiling  with  dilate  mineral  acids,  have  also  been  designated  as  mneine. 

The  dillerent  bodies  characterized  as  mucin  substances  correspond,  first, 
either  to  truti  mucins^  or,  second,  to  mucoids  or  viuanoids,  or  third  to 
4Aondroproteids, 

All  mucin  sabstancee  contain  carbony  hydrogen,  nitrogen^  sulphur ,  and 
erygen.  Compared  with  albuminous  bodies  thej  contain  less  nitrogen  and, 
as  a  rale,  considerably  less  carbon.  As  immediate  decomposition  products 
they  yield  albuminous  bodies  on  one  side  and  carbohydrates  or  acids  allied 
thereto  on  the  other.  On  boiling  with  dilate  mineral  acids  they  all  gire  a 
reducing  substance. 

The  tme  mucins  are  characterized  by  their  natural  solntion,  or  one 
prepared  by  the  aid  of  a  trace  of  alkali,  being  mucilaginons,  thread-liive, 
and  giving  a  precipitate  with  acetic  acid  which  is  insoluble  in  excess  of  acid. 
The  mucoids  do  not  show  these  physical  properties  and  have  other  Bohibili- 
ties  and  precipitation  properties.  As  we  have  intermediate  steps  between 
different  albuminous  bodies,  so  also  we  have  such  between  true  mucins  and 
mucoids,  and  a  sharj)  line  between  these  two  groups  cannot  be  drawn, 

Troe  mucins  are  secreted  by  the  larger  mucous  glands,  by  certain 
macons  membranes,  also  by  the  skin  of  snails  and  other  animals.  Trne 
macin  also  occurs  in  the  connective  tissue  and  navel-cord.  Sometimes,  as 
in  snails  and  in  the  membrane  of  the  frog-egg  (fJiAOOSA'),  a  mother- 
substance  of  mucin,  a  miicinogen,  has  been  found  which  may  be  converted 
into  mucin  by  alkalies.  Mucoid  substances  are  found  in  cartilage,  certain 
eysta,  in  the  cornea,  the  crystalline  lens,  white  of  egg^  and  in  certain  ascitic 
flnida.  As  the  mucin  question  has  been  very  little  studied,  it  is  at  the 
present  time  impossible  to  give  any  positive  statements  in  regard  to  the 
occurrence  of  mucins  and  mucoids,  especially  as  without  doubt  in  many 
caoec  non-mucinous  substances  have  been  described  as  mucins.  So  much  is 
sure,  that  mucins  or  nearly  related  bodies  occur  widely  diffused  in  the 
organism  in  certain  tissues.  From  their  decomposition  products  we  derive 
a  great  deal  of  knowledge  in  regard  to  the  formation  and  cleavage  of  carbo- 
hydrates or  kindred  bodies  (glycuronic  acid)  from  other  complex  groaps. 

True  Mucins,  Thus  far  we  have  been  able  to  obtain  only  a  few  mucins 
in  a  pure  and  unchanged  condition  due  to  the  reagents  used.  The  elemen- 
tary analyses  of  these  mucins  have  given  the  following  results: 

C  H  N  S             O 

Mucin  from  snitil   50.32  6.84  13.65  1.75  27.44  fllAMMARBTEN) 

Mucin  from  leudon 48.30  6.44  1L75  0.81  1^2,70  (LoebischI 

Mueio  from  submridlliiry.   ,,  48,84  6.80  12.32  0  84  31.20  (Uammarstkn) 

The  mucin  of  the  snail-skin,  which  stands  closest  to  keratin^  contains 
more  solphnr  than  the  other  mucins.     The  same  is  true  for  the  mucin 


'  Zeitftcbr.  f,  phyaiob  Chcm.,  Bd.  7  ;  also  HammarsteD,  PflUger'a  ArcUiv,  Bd.  86. 
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obtained  from  the  Achilles  tendon  of  oxen  as  prepared  by  Chittekdek  and 
GiEs/  which  contains  on  an  average  2.33^  salphnr.  The  sulphar  is,  at 
least  in  certain  mncins,  partly  split  off  by  alkali,  and  in  others  not. 

By  the  action  of  superheated  steam  on  mucin  a  carbohydrate,  animal 
gum  (Landwehr),  is  split  off.  This  has  not  been  substantiated  by  other 
investigators  such  as  Folin  and  F.  Mulleb.'  Instead  of  a  non -nitrogenous 
gum  a  nitrogenous  carbohydrate  was  obtained. 

On  boiling  mucin  with  dilute  mineral  acids,  acid  albuminate  and  bodies 
similar  to  albumose  or  peptone  are  obtained,  besides  a  reducing  substance. 
MOller  obtained  25-32^  reducing  substance  on  boiling  the  mucus  from 
the  respiratory  organs  with  3*^  sulphuric  acid.  He  also  prepared  a  crystal- 
line phenylhydrazine  combination  therefrom  having  a  melting-point  of 
198°  C.  and  differing  in  other  regards  from  glucosazon.  He  considers  it 
as  an  osazon  of  a  hexose  which  he  calls  mucose,  Muller  could  not  prepare 
the  sugar  itself,  but  obtained  a  crystalline  substance  containing  GA^  N  and 
considered  as  mucosamin,  Jazewitz  *  could  not  obtain  any  sugar  from 
mucin  but  an  osazon  melting  at  185°  C.  and  a  mucosamin.  Muller*  by 
a  different  and  better  method  has  obtained  a  benzoyl  combination,  and  then 
from  this  a  crystalline  hydrochloric  acid  combination  of  its  mucosamin,  by 
boiling  mucin  with  acids.  The  crystallographic  researches,  as  well  as  tlie 
determination  of  its  optical  rotation,  show  so  much  to  the  identity  of  this 
combination  with  chitasamin  hydrochloride  that  Muller  considers  the 
name  mucosamin  unnecessary.  The  osazon  obtained  from  this  combination 
differs,  on  the  contrary,  from  the  glucosazon  in  the  following:  It  melts  at 
192  to  196°,  it  is  readily  soluble  in  alcohol,  and  is  laevo-rotatory.  According 
to  E.  Fischer,  who  has  investigated  it,  it  is  not  identical  with  glucosazon, 
but  seems  rather  to  be  galactosazon.  On  boiling  mucins  with  hydrochloric 
acid  acetic  acid  may  also  be  split  off,  and  indeed  ^-1  molecule  for  each 
molecule  of  reducing  substance.  By  the  action  of  stronger  acids  we  obtain 
among  other  bodies  leucin,  tyrosin,  and  levulinic  acid.  Certain  mucins,  as 
the  submaxillary  mucin,  are  easily  changed  by  very  dilute  alkalies,  as  lime- 
water,  while  others,  such  as  tendon-mucin,  are  not  affected.  If  a  strong 
caustic-alkali  solution,  as  a  5^  EOH  solution,  is  allowed  to  act  on  submaxil- 
lary mucin,  we  obtain  alkali  albuminate,  bodies  similar  to  albumose  and 
peptone,  and  one  or  more  substances  of  an  acid  reaction  and  with  strong 
reducing  powers. 

>  Hammarsten,  PflUger's  Arch.,  Bd.  36,  and  Zeitschr.  f.  physiol.  Cbem.,  Bd.  12; 
Loebisch,  iJbid,,  Bd.  10,  and  Chittenden  and  Gies,  Journ.  of  Expt.  Med..  Vol.  1. 

<  Landwehr,  Zeitschr.  f.  physiol.  Chem.,  Bdd.  8,  0  ;  also  Pflager's  Arch.,  Bdd.  89 
and  40 ;  Folin,  Zeitschr.  f.  physiol  Cbem.,  Bd.  28 ;  Fr.  Milller,  Sitzungsber.  d.  Gesell- 
sch.  sur  Bef6rd.  d.  gesammt.  Natorwiss.  zu  Marburg,  1896. 

*  Muller,  1.  c;  Jazewitz,  Arch.  d.  scien.  bfol.  de  St.  P6tersbourg,  Tome  5. 

4  Bf»-*  "»B«f5rd.  d.  gesammt.  Naturwiss.  zu  Marburg,  1898. 
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Id  one  or  the  other  respect  the  di^ereQt  maciEB  act  somewhat  differently* 
For  example,  the  snail  and  tendon  mncinB  are  insoluble  in  dilate  hydro- 
chloric acid  of  \-Z  p.  m*»  while  the  mucin  of  the  submaxillary  gland  and 
the  navel-cord  are  eoloble*  Tendoa*nmcin  becomes  flaky  witii  acetic  acid, 
wkUe  the  other  mucins  are  precipitated  in  more  or  less  fibrons,  tough 
massea.     Still  alt  t!ie  mucins  liaye  certain  reactions  in  common* 

In  the  dry  state  mucin  forma  a  wliite  or  yellowish -gray  powder.  When 
moist  it  forms,  on  the  contrary,  flakes  or  yellowish-white  tough  lumps  or 
tnaases.  The  mucins  are  acid  in  reaction.  They  give  the  color  reactions  of 
the  albuminous  bodies.  They  are  not  soluble  in  water,  but  may  give  a 
oeatml  solution  with  water  and  the  smallest  quantity  of  alkali.  Such  a 
iolntion  does  not  coagulate  on  boiling,  while  acetic  acid  gives  at  the  normal 
temperature  a  precipitate  which  is  insoluble  in  an  excess  of  the  precipitant. 
If  5-10^  NaCl  be  added  to  a  mucin  solution,  this  can  now  be  carefully 
acidified  with  acetic  acid  without  givincj  a  precipitate.  Such  acidified  soln- 
liona  are  copiously  precipitated  by  tannic  acidj  with  potassium  forrocyanide 
ihey  give  no  precipitate,  but  on  sufficient  concentration  they  become  thick 
or  viaooQS.  A  neutral  solution  of  mncin-alkali  is  precipitated  by  alcohol 
jn  the  presence  of  neutral  salts;  it  is  also  precipitated  by  several  metallic 
salts.  If  mucin  is  heated  on  the  water-bath  with  dilute  hydrochloric  acid 
of  about  *^!if,  the  liquid  gradually  becomes  a  yellowish  or  dark  brown  and 
reduces  copper  oxy hydrate  from  alkaline  solutions. 

The  mucin  most  readily  obtained  in  large  quantities  is  the  snbmaxillary 
macin,  which  may  be  prepared  in  the  following  way:  The  filtered  watery 
extract  of  the  gland,  free  from  form-elements  and  as  colorless  as  possible,  is 
treated  with  25f^  hydrochloric  acid,  so  that  the  liquid  contains  1.5  p.  m. 
HCL  On  the  addition  of  the  acid  the  mucin  is  immediately  precipitated, 
bnt  dissolves  on  stirring.  If  this  acid  liquid  is  immediately  diluted  with 
2-3  vols,  of  water,  the  mucin  separates  and  may  be  purified  by  rediasolving 
in  1-5  p.  m,  acid,  and  diluting  with  water  and  washing  therewith.  The 
mncin  of  the  navel-cord  may  be  prepared  in  the  same  way.*  The  teudon- 
mncin  is  prepared  from  tendons  which  have  first  been  freed  from  proteid 
common-salt  solution  and  water.  They  are  extracted  with  one  lialf 
irated  lime-water,  the  filtrate  is  precipitated  witli  acetic  acid,  and  the 
precipitate  purified  by  redissolving  in  dilute  alkali  or  lime- water,  precipitat- 
ing with  acid,  and  washing  with  water  (Uollett,  LoEJUHi'H,  Cuittenden, 
and  GiEs).^     Lastly,  the  mucins  are  treated  with  alcohol  aud  ether. 

Mncoidi  or  Mucinoids.  In  this  group  we  must  include  those  non- 
pbosphorized  glycoproteids  which  are  neither  true  mucins  nor  cliondro- 
proteids  even  though  they  show  amongst  themselves  such  a  dLSerence  in 
behavior  that  they  can  be  divided  into  several  sub-groups  of  mucinoids. 
To  the  mncnioids  belong  pseudomucin,  the  probably  related  body  colloid^ 

*  Tbi!  author  hm  not  l>een  nhle  to  obtain  tbts  pure,  so  tbe  aDalyis  b  uot  given  in 
tlic  previous  table  of  tbe  mucins. 

«  HoUeU.  VVieu.  Sitzuugsber..  Bd.  39,  Abtb.  2  ;  Loebiacli,  CkUtendeo  and  Gles,  I.  c. 
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evomncQidt  and  other  bodies,  which  on  account  of  their  differences  will  b«  J 

best  treated  of  individaally  in  tlieir  reepectiTe  chapters. 

Hyalogeni,     Under  tliia  niimo  KiiVKENitERO  '  has  cksigoated  a  number  of  (ilfferiDg 
llodit^8*  wliiek  are  clmructerized  by  Ibe  fullowiog  ;    By  tlie  uciiou  of  alkalies  tbey  change, 
with  Ihe  spliUiDg  off  of  sulphur  and  some  Ditrogtu*  ioto  soluble  nttrogeidzed  products 
culled  bj  Idni  hyalines  Biid  vvkicli  yield  a  pure  carbohydrate  by  further  decomposition. 
We   liud  tJml  very  betcrogeatous  siibBiauces  are  includtd  in  the^e  groups.     Certain 
of  these  hyalogeos  seem  uudoubtediy  lo   be  glycoproteids.     Ntanin^  ol  the  Chinese^ 
cdilile  flwallow's-nuBt,    mfmbranin*   of   Dercemet's    membrane    and  of    ibe    capsule] 
of  Ibe  cryslfllline  leDs.  and  apirographin  *  of  llie  skeletal  tissue  of  the  worm  Spirogmphti  ' 
seem  tu  act  as  such.     Orbers  on  the  cotiirary^  suck  aa  ^f^nlin*'  of  the  walls  of  hy<iatid 
cysts,  onttphin*  frnm  Ike  tubes  of  Oiuipbis  tubicola,  seem  not  to  be  compound  proteids, 
^lie  sO'CaWed  mucin  of  tfie  holothitres,^  and  dwndroMtn^ot  the  sponge,  Cbondrosta  reui- 
forrals.  and  others  may  ulso  be  classed  with  ike  hyalogens*     As  ike  various  bodies  des>fg-  ' 
nated  by  Krukenbeiw  ua  byalogens  are  very  diaalmllar,  it  is  not  of  much  imporlanc^  to 
arrtiuge  tkfse  in  special  groups. 

Chondroproteids  are  such  glycoproteids  which  as  closest  cleavage 
products  yield  proteid  and  an  ethereal  sulphuric  acid  containing  carbo- 
hydrate, chondroiiin-Rulphnric  add,  Chondrmnucoid^  occorring  in  cartilage 
is  the  best  example  of  this  group.  Amyloid  occurring  tinder  pathological 
conditions  also  belongs  to  this  gronp*  On  accoont  of  the  property  of 
chondroitin-sulpbnric  acid  of  precipitating  proteid  it  is  also  possible  that 
tinder  certain  ci re tim stances  combinations  of  this  acid  with  proteid  may  b« 
precipitated  from  the  orine  and  be  considered  as  chondroproteids. 

Chondromncoid  has  greatest  interest  as  a  constituent  of  cartilage^  and  on 
this  account  this  body  and  also  its  cleavage  prodnct,  chondroitin-snlphnric 
acid,  will  be  treated  of  in  connection  with  cartilage  (Chapter  X).  On  the 
contrary,  aniyloid,  which  has  always  been  treated  ol  in  connection  with  the 
protein  sobatances,  will  be  described  here.  fl 

Amyloid,  so  called  by  Virchow,  is  a  protein  enhstance  appearing  nnder 
pathological  conditions  in  the  internal  organs,  such  as  the  spleen,  liver,  and 
kidneys,  as  inilltrations;  and  in  serous  membranes  as  granules  with  con- 
centric layers.  It  probably  also  occurs  as  a  constituent  of  certain  prostate 
calculi.  The  chondroproteid  occurring  nnder  physiological  conditions  in  — 
the  walls  of  the  arteries  is  perhaps,  according  to  Krawkow,  very  nearly 
related  to  the  amyloid  subs  tan  ce  even  if  not  identicaL 

Amyloid  was  first  prepared  pure  recently  by  Krawkow.'     The  enb-j 


d.   pbysik.-med,   Gesellach.  zu  War^burg,  1888;  also  Zeitschr.  f.  Blologie, 


»  Verb. 
Bd.  22. 

*  Knikeuberg»  Zeitschr.  f.  Biologic,  Bd.  22. 

»  C.  Th,  MtVrner,  Zeitschr.  f.  pbysiol.  Chem.,  Bd,  18.  I 

*  Krukenberg,  Wl^rzburg,  Verhandl,  1883  ;  also  Zeitschr.  f.  Biologfe,  Bd.  22. 

•  A,   Lticke,    Virchow 'a  Arch,,  Bd.   10  ;  also  Krukenberg,  Vergleit^kende  phjslol 
Stud..  Series  1  and  2,  1881. 

<  Bchmiedeberg,  Mlith.  aus  d.  zool.  Slat,  zu  Neapol,  Bd.  3,  1882. 
'  Hilger.  Pfltigcr'i*  Arckiv.  Bd.  3. 

•  Krukenberg,  Zeitschr.  f.  Biologic,  Bd.  22. 
»  Arch.  f.  eip.  Path.  ti.  Pkarm.,  Bd,  40,  which  also  contains  the  older  literature. 
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stance  prepared  by  him  contained  C  48.86-*50.38j  II  0.05-7.0:^;  N  13.79^ 
14.07;  and  S  2-C5-2-80ji.  Phosphorus  doea  not  occnr  in  the  jnire  Bub- 
dtance.  It  splits,  by  the  action  of  alkali,  into  proteid  and  chondroitin- 
finlphtiric  acid  (^see  Chapter  X)  and  according  to  Krawkow  is  therefore 
perhaps  an  ester-like  combination  of  this  acid  with  proteid. 

Amyloid  is  an  amorphous  white  sabstance,  insoluble  in  water,  alcohol, 
etJier,  dilute  hydrochloric  and  acetic  acids.  It  is  soluble  in  concentrated 
hydrochloric  acid  or  eaustic  alkali  with  decomposition.  On  hoiltiig  with 
dilate  hydrochloric  acid  it  yields  fiolphuric  acid  and  a  reducing  substance. 
It  is  not  dissolved  by  gastric  juice.  It  is  nevertheless  changed  so  that  it  is 
soloble  in  dilate  ammonia,  while  the  genuiue  typical  amyloid  is  insolublo 
therein.  Amyloid  gives  the  xanthoproteic  reaction  and  the  reactions  of 
^IlLLON  and  AbAMKiEWicz.  Its  most  important  property  is  its  behavior 
with  certain  coloring  matters.  It  is  colored  reddish  brown  or  a  dingy 
violet  by  iodine;  a  violet  or  blue  by  iodine  and  sulphuric  acid;  red  by 
metbylaniline  Iodide,  eapecially  on  the  addition  of  acetic  acid;  and  red  by 
aniline  green.  Of  these  color  reactions  those  with  aniline  dyes  are  the  moat 
important*  The  iodine  reaction  appears  less  constant  and  is  greatly 
dependent  upon  the  physical  conditio  a  of  the  amyloid.  Tlie  color  reactions 
are  dependent  npon  the  presence  of  the  chondroitin-sulphuric  acid  com- 
ponent. 

The  preparation  of  amyloid  maybe  performed  as  follows  according  to 
Krawkow:  The  finely  divided  mass  of  organ  is  eihauHted  first  with  water 
and  then  with  dilute  ammonia,  which  leaves  the  insoluble  amyloid  and 
removes  the  free  or  the  combined  chondroitin-sulpliuric  acid  besides  other 
snbstances.  The  product,  after  being  washed  with  water,  is  digested  with 
pepsin  for  several  days  at  38"^  C.  The  residue,  after  washing  with  hydro- 
chloric acid  and  water,  is  dissolved  in  dilute  ammonia,  filtered,  again 
precipitated  with  dilute  hydrochloric  acid,  dissolved,  if  necessary,  in 
ammonia,  precipitatcfl  a  second  time  with  hydrochloric  acid,  washed  with 
water,  the  precipitate  dissolved  in  baryta- water,  which  leaves  the  nude  ins 
undissolved,  and  the  barium  filtrate  precipitated  with  liydrochloric  acid,  and 
then  washed  with  water,  alcohol,  and  ether. 


Phofphoglyooproteldi.     This  gioiip  incliidca  Ibe  pLospliorlzed  ^yco  prole  ids, 
icIeiD  '  - 


-        -  ^      .  ,       .  ...  Tliey 

yitfl  1  tjo  xuntliiii  substances  (uucleiD  bases)  as  cleiVAge  products,  Tbey  are  not  nucleo- 
jinitfids  Hud  tUerefore  tbey  must  uot  be  coDsidtred  tf.igt*lber  witli  the  glyconucleopro- 
tdds  (auck*<»glycoproieidB)  or  niiitakea  for  them.  On  pepsio  digestion  Ibey  iimy  like 
certain  ntinlennlbumms  yield  pseudonucleio,  Uni  tliey  dilTt^r  from  the  imrleojdbiiinioa 
ifl  thiU  ihey  yield  d  reducing  aiibj^tiince  on  boilin«»^  witli  dilute  acid,  Tbey  difTer  from 
the  j^lycouucIeopTOteids  in  ibat  tbey  do  not,  as  above  nienlioued,  yield  auy  xantlda 
bodies? 

Only  I  wo  pliospborized  glycopioteid'^  are  known  at  Ibc  pn^sent  lilnic,  narn«ily,  ich^ 
ihulin.  occurring  in  carp  eggs  and  studied  by  Wai/ieh*  tmd  which  wiis  conoid  end  as  n 
▼itelHij  frjr  a  lime.  IcLtbiiliii  basibe  following  civrapoBitioii:  C5:i,52:  117.71;  N  15,64. 
S0.4I ;  P  0.4;i;  Fe  OJO:^.  In  regani  to  solubilities  it  Ls  similar  lo  a  globulin.  Walter 
ba*  pre|mred  a  reducing  nubfitauce  from  llie  paranuclein  of  IcliLbuliu  wbicU  gave  a  very 
crysialiine  combination  witb  phenylhydrazio. 


TEE  PROTEIN  SUBSTJJrCEB. 


er 

I 


ADolhcr   phosplioglj'coproleid   is  litlieoproteiU,  ablriiued   hy  the   author'  from  iLd 
glands  of  the  Bnail  Helix  pomatta.     1 1  Iiiis  the  followrog  con^poaiticin :   C  46.99;  H  6.T8;i 
N  ti.ua  ;  8  0.63  ;  P  0A7%.     It  iii  convened  io to  a  gummy.  ItcTorotaloiy  carboLiydrfcie,  1 
called  animnX  sinutrin,  by  Ibe  artion  of  ulkalies.     On  boiJing  with  ao  acid  it  yields.  *,J 
dextro-rot-atoiy,  reducing  substaoce. 

Kucleoprateidfl,     With  tliis  name  we  tiesigaate  those  compoami  proteitk"' 
which  yiehl   troe  nucleins  (see  Chapter  V)  on  iiepsin  tligeation  and  those 
which  yield,  hesidee  proteids,  xanthia   hodiea  or   so-called  naclein   baseft 
(pariri  bases)  on  boiheg  with  dilute  niiueral  acids. 

The  nacleoproteide  seem  to  he  widely  dilTused  in  the  animal  body. 
They  occur  chiefly  in  the  cell-nuclei,  but  they  also  often  occur  in  the  proto- 
plasm. They  may  pass  into  the  animal  fluids  on  the  destruction  of  the 
cells,  hence  nucleoproteids  have  also  been  found  in  blood -senim  and  other 
fluids. 

They  may  be  considered  as  combinations  of  a  proteid  nucleus  with  a  side 
chain,  which  Kossel  calls  the  proj?tetic  r.noiJP,     This  side  chain,  whicli^ 
contains  the  phospbortia,  may  be  split  olT  as  nucleic  acid  (see  Chapter  V)  on 
treatment  with  alkali.     Aa  we  have  se^^eral  nucleic  acids,  it  follows  that  we 
must  have  different  nucleoproteids,  depending  upon  the  nucleic  acid  united 
with  the  proteid.     Certain  nocleic  acids  contain  a  readily  eplit  ofT  sugar 
(pentose    or   hexo^),    others    on  the  contrary  not.     In  the  first  case  we 
obtain  from  the  corresponding  nucleoproteid  a  reducing  sugar  on  boiling 
with  dilute  mineral  acid,  while  in  the  other  case  this  is  not  posailjle.     Thia 
different  behavior  may  be  accounted  for  by  a  special  grotip  of  nucleoproteids 
the  glyconucleoproteids  or  nucleoglycoproteids,     8«ch  glyconucleoproteida 
occtir  in  yeast-cdle,  in  the  pancreas,  and,  as  it  appears,  are  widely  dia 
tributed  in  the  animal  organism. 

The  native  imcleoproteids  contain  a  variable  but  not  a  higli  percentage 
of  phoBpliorus,  which  TlALLiHrHTON  *  found  to  %"ary  between  0,5^  anc 
1,6'^,  Ou  heating  their  solutions,  as  well  as  by  the  action  of  dilute  acids, 
a  modificutton  of  tlie  compound  ])roteid  takes  place  and  nucleoproteids  ot 
strong  acid  character,  poorer  in  proteid  but  richer  in  phosphorus,  arfl 
formed.  The  native  nucleoproteida  have  faint  acid  properties  and  are  iu-* 
soluble  in  water  but  whose  alkali  combinations  Boluble  in  water  split  oii^ 
heating  their  golntion  into  coagulated  proteid  and  a  nucleoproteid  rich  in 
phosphorus,  which  remains  in  solution.  In  peptic  digestion  they  yield  so*™ 
called  true  noclein.  'I'he  proteid  can  be  precipitated  by  acetic  acid  from  its^ 
alkali  combination,  and  the  precipitate  dissolves  with  more  or  less  readiness 
in  an  excess  of  the  acid.  A  confusion  may  occur  here  with  nucleoalbumins 
and  also  with  mucin  substances.  This  confusion  may  be  avoided  by  warm- 
ing the  body  for  some  time  on  the  water-bath  with  dilute  sulphuric  acid, 
nearly  neutralizing  the  boiling-hot  fluid  with  barium  hydrate,  filtering 
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«  HammarBteB,  Pfltiger*s  Arch..  Bd.  86. 
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qaick  aa  possible  while  bolHog  hot,  sapersatumting  the  filtrate  with  am- 
monia, and  tbea  od  cooling  (when  a  precipitate  coasiBting  of  gaaoin  is 
filtered  off  aad  specially  tested)  testing  for  xanthin  bodies  by  an  ammoniacal 
silTer  nitrate  solution.  Any  precipitate  formed  is  examined  more  closely  by 
the  method  as  given  in  Chapter  V.    The  nnoleoproteids  give  the  color  reac- 

(tions  of  the  proteids. 
The  properties  of  the  varioas  nncleoproteids  are  given  in  detail  in  the 
various  chapters  which  follow. 


III.  Albiuiioifls  or  AlbtiiiitiioiflH. 


Under  this  name  we  collect  into  a  special  group  all  those  protein  bodies 
which  cannot  be  placed  ia  either  of  the  other  two  groups,  although  they 
differ  esseDtially  among  themselves  and  from  a  eliemical  standpoint  do  not 
show  any  radical  difference  from  the  trae  proteid  bodies.  The  most  im- 
portant and  abundant  of  the  bodies  belonging  to  tins  group  are  important 
constituents  of  the  animal  skeleton  or  the  cutaneous  structure.  They  occur 
as  a  rule  in  an  insoluble  state  in  the  organism,  and  they  are  distinguished 
in  most  cases  by  a  pronounced  resistance  to  reagents  which  dissolve  proteids» 
or  to  chemical  reagents  in  general. 

The  Keratin  Group,  Keratin  is  the  chief  constituent  of  the  homy 
structure,  of  the  epidermis,  of  hair,  wool,  of  the  nail,  lioofs,  horns, 
feathers,  of  tortoise-shell,  etc.,  etc.  Keratin  is  also  found  as  neurokeratin 
(KChxe)  in  the  brain  and  nerves.  The  shell-membraue  of  the  hen's  egg 
seems  also  to  consist  of  keratin,  and  according  to  NKUiJEisTKK  '  the  organic 
matrix  of  the  egg-shells  of  various  vertebrate  animals  belongs  in  most  cases 
to  the  keratin  group. 

It  seems  that  there  exist  more  than  one  keratin,  and  these  form  a  special 
group  of  bodies.  This  fact,  together  with  the  diOiculty  in  isolating  the 
keratin  from  the  tisflaes  in  a  pure  condition  without  a  partlul  decom posi- 
tion, is  sufficient  explanation  for  the  variation  in  the  elementary  composition 
given  below.  As  examples  the  analyses  of  a  few  tissues  rich  in  keratin  and 
of  keratins  are  given  as  follows:  * 
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150.65              6,36 

17.14 

5.0Q     20.^5  (V.  Laar) 
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5K00              6.94 

17.51 

2.80     21,75  (Muu»fc:R) 
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m.m             6.94 

3.30             ,  .  .   (HoRBACZKWPKl) 
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54.89              6.56 

ihVii 

3.23     lM,5rt  (MiJLOKU) 

6ljtn  uiembmoe. 

49. 7«              6.6-1 

16.43 

4.2.*       32.90  (LlNUVALL) 

*  KQliiic  aad  Ewalil,  Verli.  d.  niilurhistor.-med.  Vereitjs  z.u  Hddeltiorg  (N.  P.),  B<h 
1     also  Kahue  nud  Cliittcndt'ii,  Zehsdir.  t  Biol.igic.  BcL  2f5 ;  Neumeister,  ibid.,  Bil.  81. 

'  V,  Laar,  AniiaL  d.  CUem.  u,  Pbanii.,  Bd.  45  ;— Mulder,  VersucU  einer  allgem* 
phj-siol.  Clieni,.  Braunschweig,  1844-51;  Ktiline,  Zeilaelir.  f.  Biologie.  Bd,  20;  Hor- 
bacfewski,  set  Drechsel  in  Ladeoburg'a  HaudwOrterbuch  d.  Cbem.,  Bd.  3  ;  Liodvall, 
Maly'a  Jalireaberirlit,  ISSl. 
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MouR  *  has  determined  the  qaantity  of  sulphur  in  yarions  keratin  sub- 
stances. Sulphur  is  at  least  in  part  in  loose  combination,  and  it  is  partly 
removed  by  the  action  of  alkalies  (as  sulphides),  or  indeed  in  part  by  boiling 
with  water.  Combs  of  lead  after  long  usage  become  black,  and  this  is  due 
to  the  action  of  the  sulphur  of  the  hair.  On  heating  keratin  with  water  in 
sealed  tubes  to  a  temperature  of  150°  to  200°  C.  it  dissolves,  with  the 
elimination  of  sulphuretted  hydrogen,  forming  a  non-gelatinizing  liquid 
which  contains  albumose  (called  keratinose  by  Krukenberg*)  and  pep- 
tone (?).  Keratin  is  dissolved  by  alkalies,  especially  on  heating,  forming, 
besides  alkali  sulphides,  albumoses  and  peptones  (?). 

The  dcomposition  products  of  keratins  are  moreover  the  same  as  the  true 
proteids.  On  boiling  with  acids  we  obtain  besides  leucin  and  tyrosin,  which 
occnrs  in  relatively  great  amounts  (l-5j^),  aspartic  acid*  and  glutamic 
acid,*  ammonia,  and  sulphuretted  hydrogen,  llEDiN'has  obtained  lysin, 
arginin,  and  a  substance  containing  sulphur,  whose  combination  with  HCl 
has  the  composition  C,^H„]S\0,,SC1^ ,  from  horn  shavings. 

There  is  no  doubt  that  the  keratins  are  derived  from  the  proteids. 
Drechsel  •  is  also  of  the  opinion  that  in  the  keratin  a  part  of  the  oxygen 
of  the  proteids  is  exchanged  for  sulphur,  and  a  part  of  the  leucin,  or  any 
other  amido-acid,  is  exchanged  for  tyrosin.  Keratin  and  proteids  give  the 
same  decomposition  products,  with  the  exception  that  the  former  gives 
proportionally  a  greater  quantity  of  tyrosin.  Among  the  sulphurized 
cleavage  products  of  keratin  Emmerling  found  cystin^  and  Suter^  thio- 
lactic  acid,     Suter  could  not  detect  either  cystin  or  cystein. 

Bodies  occur  in  the  animal  kingdom  which  form  intermediate  bodies 
between  coagulated  albamin  and  keratin.  C.  Th.  Morner  *  has  detected 
such  a  body  {albujnoid)  in  the  tracheal  cartilage,  which  forms  a  net-like 
trabecular  tissue.  This  substance  appears  to  be  related  to  the  keratins  on 
account  of  its  solubilities  and  on  the  quantity  of  the  sulpuhur  (which  turns 
lead  black)  it  contains,  while  according  to  its  solubility  in  gastric  juice  it 
must  stand  close  to  the  proteids.  Another  substance,  more  similar  to 
keratin,  forms  the  horny  layer  in  the  gizzard  of  birds.  According  to 
J.  IIedenius"  this  substance  is  insoluble  in  gastric  or  pancreatic  juice  and 

'  Zeitschr.  f.  physiol.  Cbem.,  Bd.  20. 

*  Untersuch.  Uber  d.   chem.    Bau  d.   EiweisskOrper.     Sitzungsber.   d.   Jeualscbcn 
Oesellsch.  f.  Med.  u.  Naturwissenscb.,  1886. 

»  Kreusler,  Journ.  f.  prakt.  Cbem.,  Bd.  107. 

*  Horbaczewski,  Sitzungsber.  d.  k.  k.  Wien.  Akad.  d.  "Wiftsensch.,  Bd.  80. 

^  Kgl.  fysiogr.  Silllsk.  i  Lund  bnndlingar,  Bd.  4;  also  Maly's  Jahresber.,  1898,  and 
Zeitscbr.  f.  pbysiol   Cbem.,  Bdd.  20  and  21. 

*  Drecbsel  in  Ladenburg's  HandwOrterbuch  d.  Cbem.,  Bd.  3. 

'  Emmerling,  Kef.  in  Cbemiker  Zeitg.,  No.  80,  18W ;  Suter,  ZeiUchr.^f.  phyaioL 
Chem..  Bd.  20. 

»  See  Maly's  Jahresber.,  1888. 
»  Skan.  Arcb.  f.  Pbysiol.,  Bd.  8. 
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acts  quite  aimilar  to  keratin.     U  coiitaios  only  1;^  stilphur,  and  yields  on 

decomposition  only  Tery  little  tyrosiu  besides  considerable  leucin. 

K  Keratin  ia  amorpbons  or  takes  the  form  of  the  tii^saes  from  which  it  was 

H    prepared.     On  lieating  it  decomposes  and  generates  an  odor  of  burnt  horn. 

It  ia  insolnble  in  water,   alcohol,   or  etlier.     On   heating  with  water   to 

150**-200^  C.  it  dissolves.     It  also  dissolves  gradually  in  caustic   alkalies, 

especially  on  heating.     It  is  not  dissolved  by  artiticial  gastric  juice  or  by 

H     tryps<in  solutions.     Keratin  gives  the  xanthoproteic  reaction,  as  well  as  Uie 

reaction  with  Millox's  reagent,  although  not  always  typical. 

In  the  preparation  of  keratin  a  finely  divided  horny  structure  is  trented 
first  with  boiling  water,  then  consecutively  with  dilated  acid,  pepain-hylio* 
chloric  acid,  and  alkaline  trypsin  solution,  and,  lastly,  with  water,  aleoholi 
and  ether* 

^^  Elastin  occurs  in  the  connective  tissue  of  higher  animals,  sometimes  in 

^■Buch   large   quantities   that   it   forms   a    special   tissue.      It   occurs   most 
^^^Sbntidantly  in  the  cervical  ligament  (Hgamentum  nnchii:'). 
^1  Elastin  ia  generally  considered  as  a  sulphur-free  substance.     According 

^B  to  the  investigatioug  of  Chittenden  and  Hart,  it  is  a  r|oestion  whether  or 
H  not  dastin  does  not  contain  sulphur,  which  ia  removed  by  tlie  action  of  the 
^P  alkali  in  its  preparation.  II.  Schwa kz  has  been  able  to  prepare  an  eUistin 
^  containing  sulphur  from  the  aorta  by  another  metliod,  and  this  sulphur  can 
^  bo  removed  by  the  actiou  of  alkalies,  without  changing  the  properties  of 
H  the  elastin,  and  recently  Zoja,  Hejjin,  and  Beugh  '  have  found  that  elaetin 
contains  sulphur.  The  most  trustworthy  analyses  of  ehistiu  from  the  cervical 
ligament  (Nos.  1  and  2)  and  from  the  aorta  (N>.  3)  have  given  the  follow- 
ing results : 

S  0 

....  21,94      UlOKBACZEWSKl)* 

....         21.70    (Chittenden  jiml  Ha nt) 
0.38         (H.  8<.u%vAia) 

ZoJA  fotind  0.270^  sulphur  and  IG.GG;^  nitrogen  in  elastin.  Hedtn 
id  Bkkou  found  different  quantities  of  nitrogen  in  elastln,  depending  upon 
irfaether  noRBAczEWSKi*s  or  Schvvakz's  method  was  used  in  its  prepara- 
tion. In  the  first  case  they  fonnd  IbAi^  nitrogen  and  0.55^  sulphur,  and 
in  the  other  14.67^  nitrogen  and  O.CCf^  sulphnr. 

The  cleavage  products  of  elastin  are  the  same  aa  for  the  true  proteidi?, 
with  the  difference  that  glycocoll  but  no  aspartic  and  glutamic  acids  are 
obtained.'  Tyrosin  is  only  obtained  in  small  quantities.  S<  hwakz  was 
able  to   detect  lysatin   in   the   decomposition   products,   hot   liEiHN  and 
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*  Chiliemico  nnd  Ilni  t,  Zeilachr.  f,  Biologie,  Bd.  20;  Schwaist,  ZeilsclTr,  f.  pbysioL 
CheuL.  Btl.  18;  Zoja.  ihid,,  Bd.  23  ;  Bergli,  ibid,,  B.I.  25;  Hedio,  ibid. 
'  Horlmci^ewski,  Zeitschr,  f.  pliysiol.  Cbem..  Bd.  6. 
'  %be  Dittobftcl  ill  L«d€Dburg*«  Iliiudwdrterbucb,  Bd.  3. 
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Bergh  conld  not  find  either  lysin  (lysatin)  or  arginin.  On  patrefaction  by 
anaerobic  micro-organisms  Zoja  foand  carbon  dioxide,  hydrogen,  methane, 
mercaptan,  batyric  acid,  valerianic  acid,  ammonia,  and  possibly  also 
phenylpropionic  acid  and  aromatic  oxyacids.  Indol  and  skatol  have  not 
been  found  in  putrefaction,*  but  Schwarz,  on  the  contrar}',  obtained  indol, 
skatol,  benzol,  and  phenols,  on  fusing  aorta-elastin  with  caustic  potash. 
On  heating  with  water  in  closed  vessels,  on  boiling  with  dilute  acids,  or  by 
the  action  of  proteolytic  enzymes,  the  elastin  dissolves  and  splits  into  two 
chief  products,  called  by  Horbaczewski  hemielastin  and  elastinpeptone. 
According  to  Chittendek  and  Hart,  these  products  correspond  to  two 
albumoses  designated  by  them  protoelastose  and  deuteroelastose.  The  first 
is  soluble  in  cold  water  and  separates  on  heating,  and  its  solution  is  precipi- 
tated by  mineral  acid  as  well  as  by  acetic  acid  and  potassium  ferrocyanide. 
The  watery  solution  of  the  other  does  not  become  cloudy  on  heating,  and  is 
not  precipitated  by  the  above-mentioned  reagents. 

Pure  dry  elastin  is  a  yellowish-white  powder;  in  the  moist  state  it 
appears  like  yellowish-white  threads  or  membranes.  It  is  insoluble  in 
water,  alcohol,  or  ether,  and  shows  a  resistance  against  the  action  of 
chemical  reagents.  It  is  not  dissolved  by  strong  caustic  alkalies  at  the 
ordinary  temperature,  and  only  slowly  at  the  boiling  temperature.  It  is 
very  slowly  attacked  by  cold  concentrated  sulphuric  acid,  and  it  is  relatively 
easily  dissolved  on  warming  with  strong  nitric  acid.  Elastins  of  differing 
origins  act  differently  with  cold  concentrated  hydrochloric  acid;  for  in- 
stance, elastin  from  the  aorta  dissolves  readily  therein,  while  elastin  from 
the  ligamentum  nuchse,  at  least  from  old  animals,  dissolves  with  difficulty. 
Elastin  is  more  readily  dissolved  by  warm  concentrated  hydrochloric  acid. 
It  responds  to  the  xanthoproteic  reaction  and  with  Millon's  reagent. 

On  account  of  its  great  resistance  to  chemical  reagents,  elastin  may  be 
prepared  (best  from  the  ligamentum  nuchse)  in  the  following  way:  First 
boil  with  water,  then  with  1%  caustic  potash,  then  again  with  water,  and 
lastly  with  acetic  acid.  The  residue  is  treated  with  cold  b^  hydrochloric 
acid  for  twenty-four  hours,  carefully  washed  with  water,  boiled  again  with 
water,  and  then  treated  with  alcohol  and  ether. 

Schwarz  first  incompletely  digested  the  tissues  with  pepsin,  washed 
first  with  soda  solution  and  then  with  water,  and  boiled  lastly  with  water 
until  the  elastic  substance  was  dissolved  away.  The  dried  and  powdered 
substance  is  again  digested  with  gastric  juice  and  treated  as  above,  and  then 
boiled  with  water  until  the  contaminating  reticulin-like  substance  is  com- 
pletely removed. 

Collagen,  or  gelatin-forming  substance,  occurs  very  extensively  in  verte- 
brates.    The  fiesh  of  cephalopods  is  claimed  to  contain  collagen.*     Collagen 

»  Walchli,  Joum.  f.  prakt.  Chcm.,  Bd.  17. 

»  HoppeSeyler,  Pbysiol.  Chem.    Berlhi.  1877-«1.    a  97. 
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18  the  chief  constitaeut  of  the  fibrilB  of  the  coimectire  tissue  and  (aa  ossein) 
of  the  organic  sabstanceg  of  the  bouj  stroctnre.  It  also  occara  in  the 
cartilaginous  tissues  as  chief  coaetittient,  but  it  is  here  mixed  witlj  other 
substances,  producing  what  was  formerly  called  chondrigen.  Collagen  from 
di^erent  tisues  has  not  quite  the  same  com  position,  and  probably  there  are 
several  varieties  of  collagen. 

By  continaously  boiling  with  water  (more  easily  in  the  presence  of  a 
little  acid)  collagen  is  converted  into  gelatin,  IIofmei^teu  '  found  that 
gelatin,  on  being  heated  to  L'lCr  C,  is  again  transformed  into  collagen;  and 
this  last  may  be  considered  as  the  anhydride  of  gelatin.  Ccdlagen  and 
gelatin  have  about  the  same  composition:* 

C 

Collagen ..,»... ,10.75 

G<»laliii  (from  lirirtsborii) . » . . .  49.31 

Gelatiu  (from  bouos). SUDO 

PurvlieiJ  getailu 50 J4 

Gelatin  contains  regularly  small  amounts  of  sulphur  whicli  probably 
belongs  to  the  gelatins  and  does  not  exist  there  aa  an  impurity  from  the 
proteidfl.  Vjlx  Name  *  has  obtained  a  gelatin  from  connective  tissue,  which 
had  been  digested  with  an  alkaline  pancreas  extract  (2.5  p,  m.  Xa,CO,)  for 
five  days,  which  contained  on  an  average  O.'^oti'^  sulphur.  C.  jM(iHNER* 
has  prepared  a  typical  gelatin,  with  only  0.2j^  sulphur,  by  extracting  com- 
mercial gelatin  for  several  days  with  1-5  p.  m.  canstic  potash. 

The  decomposition  products  of  collagen  are  the  same  as  those  of  gelatin. 
G^elatiQ  nnder  similar  conditions  as  the  proteids  yields  omido-acids,  sucli  as 
leucin,  aspartic  and  glutamic  acids,  but  no  ty rosin,  which  is  especially 
important*  It  yields,  on  the  contrary,  large  quantities  of  glycocoU,  to 
which  the  name  gelatin  sugar  is  given  on  account  of  its  sweet  taste,  Lysin 
and  lysatin  have  also  been  obtained  from  gelatin  by  IJukchsel  and 
E.  FiscHEH,  and  arginin  by  IIedin.  *  On  putrefaction  gelatin  yields 
neither  tyrosin,  indol,  nor  skatol,'  in  which  it  differs  from  the  proteids. 
Still  the  aromatic  group  is  not  absent  in  gelatin,  and  it  acts  like  the 
oxidized  proteid,  the  oxyprotsulphonic  acid,  because  it  yields  benzoic  acid 


*  ZeitAchr.  f,  physiol,  Chem.,  Bd.  3. 

'  Htjfuiel«ter,  1.  c;  Muhler,  AnDdL  d,  Chcm.  u.  Flmrm..  BiL  45  •  Fremy,  Jalireaber. 
d.  Cliem.,  18i>4  ;  Paal.  Ber,  d.  deutscb.  chem.  GeseUHCh.,  Bd.  25. 
«  Journ.  of  Exp,  Med,,  Vol  2. 

*  Private  commiiDicatlon  from  M^^rtjer. 

*  See!  Drechseh  Der  Abbau  der  EiweiaskGrper.     Du  Boia  Reymond'a  Arcbiv»  1891 ;— 
HediD,  Zeitschr.  f,  physiol  Cbeta,,  Bd.  21 

'  See  literature  on  the  cleavage  products  of  gelatin  :  Drocb»el  iu  Ladeuburg's  llaud- 
wOrterbuch,  Bd.  3. 

'  MouatsLefte  f.  Chem..  Bd,  10. 
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Collagen  is  insolable  in  water,  salt  solntions,  dilnte  acids,  and  alkalies, 
bnt  it  swells  up  in  dilate  acids.  By  continnoas  boiling  with  water  it  is 
converted  into  gelatin.  It  is  dissolved  by  the  gastric  jaice  and  also  by  the 
pancreatic  jnice  (trypsin  solution)  when  it  has  previously  been  treated  with 
acid  or  heated  with  water  above  +  70**  C*  By  the  action  of  ferrous 
sulphate,  corrosive  sublimate,  or  tannic  acid,  collagen  shrinks  greatly. 
Collagen  treated  by  these  bodies  does  not  putrefy,  and  tannic  acid  is  there- 
fore of  great  importance  in  the  preparation  of  leather. 

Gelatin  or  glutin  is  colorless,  amorphous,  and  transparent  in  thin  layers. 
It  swells  in  cold  water  without  dissolving.  It  dissolves  in  warm  water, 
forming  a  sticky  liquid,  which  solidifies  on  cooling  when  sufficiently  con- 
centrated. The  quantity  of  ash  contained  in  gelatin  is  of  the  greatest 
importance  in  the  gelatinization  of  gelatin  solutions,  as  shown  by  0.  Nasse 
and  A.  Kruger,'  namely,  a  diminished  quantity  of  ash  diminishes  the 
gelatinizing  power. 

Gelatin  solutions  are  not  precipitated  on  boiling,  neither  by  mineral 
acids,  acetic  acid,  alum,  lead  acetate,  nor  mineral  salts  in  general.  A 
gelatin  solution  acidified  with  acetic  acid  may  be  precipitated  by  potassium 
ferrocyanide  on  carefully  adding  the  reagent.  Gelatin  solutions  are  precipi- 
tated by  tannic  acid  in  the  presence  of  salt;  by  acetic  acid  and  common 
salt  in  substance;  mercuric  chloride  in  the  presence  of  HCl  and  NaCl; 
metaphosphoric  acid,  phosphomolybdic  acid  in  the  presence  of  acid;  and 
lastly  by  alcohol,  especially  when  neutral  salts  are  present.  Gelatin  solu- 
tions do  not  diffase.  Gelatin  gives  the  biuret  reaction,  but  not  Adamkie- 
wicz's.  It  gives  Millon's  reaction  and  the  xanthoproteic  acid  reaction  so 
faintly  that  it  probably  occurs  from  an  impurity  consisting  of  proteids. 
According  to  Morner,  pure  gelatin  gives  a  beautiful  Millon's  reaction,  if 
not  too  much  reagent  is  added.  In  the  other  case  no  reaction  or  only  a 
faint  one  is  obtained. 

By  contiguous  boiling  with  water  gelatin  is  converted  into  a  non-gelatin- 
izing modification  called  /J-glutin  by  Nasse.  According  to  Nasse  and 
Kruger  the  specific  rotatory  power  is  hereby  reduced  from  —  167.5**  to 
about  —  13G°."  On  prolonged  boiling  with  water,  especially  in  the  presence 
of  dilute  acids,  also  in  the  gastric  or  tryptic  digestion,  the  gelatin  is  trans- 
formed into  gelatin  albumoses,  so-called  gelatoses  and  gelatin  peptones y  which 
diffuse  more  or  less  readily. 

According  to  Hofmeister  two  new  substances,  semiglutin  and  hemi- 
colliuy  are  formed.  The  former  is  insoluble  in  alcohol  of  70-80j^  and  is 
precipitated  by  platrnum  chloride.     The  latter,  which  is  not  precipitated 

»  Kulinc  and  Ewald,  Verb.  d.  naturhist.  med.  Vfreins  iu  Heidelberg.  1877,  Bd.  1.    , 

»  See  Maly's  Jnhresber.,  Bd.  19. 

•  Iu  reheard  to  the  rotation  of  /?-glutiD,  see  Fiamm,  Ptitlger's  Arch.,  Bd.  68. 
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y  platinnm  chloride,  ia  soluble  m  alcolioL  Cihttenden  and  Solley* 
have  obtained  in  the  peptic  aod  tryptic  digestion  v^  proto-  and  a  deuterO' 

ehtios€,  besides  some  true  peptone*  The  elementary  composition  of  the 
gelatosea  does  not  essentially  differ  from  that  of  the  gelatin.  On  compara- 
tive  analyses  of  gelatin,  denterogehitose  and  gelatin  peptone,  OiurrEXDEN  ' 
and  his  pupils  find  nearly  the  same  elementary  composition  for  the  gelatin 
and  gelatose^  while  the  gelatin  peptone  was  about  2^  poorer  in  carbon  and 
about  0*Gj^  poorer  in  nitrogen  than  the  gelatin.  Paal*  has  prepared 
gelatin  peptone  hydrochlorides  from  gelatin  by  the  action  of  dilate  hydro- 
chloric acid*  Some  of  these  salts  are  sohiblc  in  ethyl  and  methyl  alcohol j 
and  others  insoluble  therein.  The  peptones  obtained  from  these  salts 
contain  less  carbon  and  more  hydrogen  than  the  glutin  from  wliich  they 
originated,  showing  that  hydration  lias  taken  place.  The  molecular  weight 
of  the  gelatin  peptone  aa  determined  by  Paal  by  Uaoitlt's  method  was 
200  to  3.V^,  while  that  for  gelatin  was  878  to  060, 

Collagen  may  be  obtained  from  bones  by  extracting  them  with  hydro- 
chloric acid  (which  dissolves  the  earthy  phosphates)  and  then  carefully 
removing  the  acid  with  water.  It  may  be  obtainerl  from  tendons  by 
extracting  with  lime-water  or  dilute  alkali  (wliicli  dissolve  the  proteids  and 
mncin)  and  then  thoroughly  washing  with  water,  (lelatin  is  obtained  by 
boiling  collagen  with  water.  The  finest  commercial  gelatin  always  contains 
a  little  proteid,  which  may  be  removed  by  allowing  the  iinely  divided 
gelatin  to  swell  up  in  water  and  thoroughly  extracting  with  large  r|Tiantitiea 
of  fresh  water.     Then  dissolve  in  warm  water  and  precipitate  with  alcohol. 

Collagen  may  also  be  puriiied  from  proteids  iu%  suggested  by  Van  Name 
by  digesting  with  an  alkaline  trypsin  solution  or  by  extracting  the  gelatin 
for  days  with  1-5  p.  m.  caustic  potash,  as  suggested  by  Morxeu.  The 
typical  pro|>ertie3  of  gelatin  are  not  changed  by  this. 

Choodrin  or  carlila^e  getaLin  is  odIv  q.  mixtur<3  of  glutiu  with  tbe  specilJc  coQstiiut'Uts 
of  tbe  L«rlflage  and  ilicir  transformauoa  products, 

B^eticiilm.  The  reticular  tissues  of  the  lymphatic  glands  contain  a 
variety  of  fibres  which  have  also  been  found  by  Mall  in  the  spleen, 
intestinal  mucosa,  liver,  kidneys,  and  lungs.  These  fibres  consist  of  a 
si)ecial  substance,  reticulin,  investigated  by  Sieufried.* 

Reticulin  has  the  following  composition:  C  5*^.88;  II  6.97;  N  15.63; 
S  1.88;  P  0.34;  ash  2.37.  The  phosphorus  occurs  in  organic  combination. 
It  yields  no  tyrosin  on  cleavage  with  hydrocliloric  acid.  It  vielJs,  on  the 
eoDtrar)%  sulphuretted  hydrogen,  ammonia,  lysin,  lysatinin,   and    amido- 


'  Hofmetster,  5Ceitecbr,  f.  pLysiol.  Cbem.,  Bd.  2 ;  ChUtendeD  and  Solley,  Juura.  of 
PhysioL,  Vol.  12. 

♦  Amer.  Journ.  of  PbysioK,  VoK  2. 

'  Ber:  d.  deulscU,  chem.  Gtacllach.,  Bd,  25. 

*  Mill,  Abhandl.  cl  malb.  phys,  Klasee  d,  KgL  sacbs.  Geacllscb,  d.  Wisa,,  1801. 
8ie|rfried»  Ueber  die  cbem.  eigenscb.  der  rellcuUrteu  Gewebe.  Uabil-Scbrift.  Leipzig, 
1892. 
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valerianic  acid.  On  continnoue  boiling  with  water,  or  more  readily  with 
dilate  alkalies,  reticuHn  is  converted  into  a  body  which  is  precipitated  by 
acetic  acid,  and  at  the  same  time  phoBphoras  is  spUt  off. 

Reticulin  is  insoloble  in  water,  alcohol,  ether,  lime-water,  sodiam 
carbonate,  and  dilute  mineral  acids.  It  is  dissolved,  after  several  weeks, 
on  standing  with  canstic  soda  at  the  ordinary  temperature.  Pepsin  hydro- 
chlonc  acid  or  trjjmin  do  not  dissolve  it.  Reticulin  responds  to  the  biuret, 
xanthoproteic,  and  AiiAMKiEWicz's  reactions,  but  not  with  Mii^lon'si 
reagent 

It  may  be  prepared  as  follows,  according  to  Siegfried:  Digest  intes- 
tinal mucosa  with  trypsin  and  alkali.  Wash  the  residue,  extract  with 
ether,  and  digest  again  with  trypsin  and  then  treat  with  alcohol  and  ether* 
On  careful  boiling  with  water  the  collagen  present  either  as  contamination 
or  as  a  combination  with  reticulin  is  removed.  The  thoroughly  dried 
residue  consists  of  reticulin* 

Ic^thylepidln  is  nn  orgauic  subslatice^  so  called  by  MftRNKR,*  which  occurs  with  col- 
lagCD   io   tisliacjib  s  and   form  about  I  of  Ibe   orgauit-  substance  of  the  stmie.      Tljia 
substnuce  with  15,9^  nitrogen  xttul  Ll/sulpbur  stands  on  accoimt  of  iU  piop<?nlcs  rulber  / 
close  to  cilaaiiii.    It  is  insttluble  in  cold  and  bot  water,  as  well  as  iu  dilute  acids  and  aJka- 1 
lies  at  tiie  ordiuury  Icmpemlurc.     On  boiHiig  wiib  these  it  di^olvea.     Pepsin  liy<ln> 
chloric  Hcid^  as  well  rts  an  alkaline  try  pain  sokitioo,  also  dissolve  it.     It  gives  benutifiil 
reiiclious  with  Mll!ou*s  reagcntp  xsiinboprotuic  rea<:tiiHi,  and  tli€  biuret  test.     Al  least  a] 
part  of  the  suliihur  is  split  off  by  the  action  nf  alkali. 

SkeletinB  are  a   number  of   nitrogenized   BubBtances   wliicli   fomi  the 

skeletal  tissue  of  various  classes  of  invertebrates  ao  designated  by  Kbuken- 

BEBO,"     These   substances  arc   chitin^   spongin^    conch iolinf    cortiein^   and 

fihroin  (ailk).     Of  these  chitin  does  not  belong  to  the  proteinsubstancee, 

and  fibroin  (silk)  is  bardly  to  be  classed  as  a  skeletin.     Only  those  so-called 

Bkeletins  will  be  given  that  actimlly  belong  to  the  protein  groap,  fl 

Spoopln  forms  tlie  chief  mass  of  the  oidinarj'  sponge.     It  gives  do  gelatin.     On  boU*^^ 
Ing  with  acids,  according  to  the  older  slalemcida  H  yields  leuciu  and  glycocoll  and  na 
tyrof^in.     Zalocostar  claims  to  have  found  tyrosin  atid  also  butalanin  and  glycalania^ 
(CiHi^NaOi).     After  Hundesuagbn  had  shown  the  oceiirrenci^  of  iodine  and  bronuG©^ 
tn  organic  comhinatiou  Id  diJOfereut  spougi  s  lUid  desiguiited   the  albumoid  coutainiDg^l 
Ithiine,  todospongin ,  Hamack^  latttr  iftt>liiied  from  the  ordiimiy  sponge,  bj^  cleavage  wilE 
inioeral  tieid^,  an   lotiospongin   which   conUiined   about  ^%  iodine  and  4.5jf  sulpliur, 
Conokioliii  is  found  In  the  shells  of  niu&sels  wnd  snails  and  also  \u  the  egg-shells  of  ihese 
animals.     It  yieldij  leui'in    hut  no  tyro^^Iu.      The  B^mub  contains  a  substance,  clofiely 
related  to  conch fol in.  wldrh  is  stdnble  with  difficulty.     Corncin  forms  the  axial  system  of 
the  Antipiithesiuid  Gmgotiia.     It  gives  leucui  and  a  crystal liznble  aub.stancc,  Cf/rui^-ryi- 
tilLin,     Accordini,^  lo  DiiECiifiEL*  the  axial  system  of  llie  gor^onla   cavolini  contaio 
nejirly  %%  of  the  dry  gnbsLauce  in  iodine.     The  iodine  occurs  iti  organic  combination  with 
a  ioilfzed  albumoiff,  gorgofiin^  which  is  a  cornein.     DrtECHJSEL  ohtained  leucin.  I v rosin, 
lysin,  animonia.  Simian  iodized  am  ido  acid,  i'»dogorgoidc  acid,  which  bus  the  com  posi  lion  of 
ai  monoiodo-mnido  butyric  acid,  as  clenvage  ])roduct«  of  sorgonin.     Fibroin  and  8«ridii 
lire  the  two  chief  conalltuenta  of  raw  silk.    By  the  aciion  of  superlieRled  water  Uie  sericlii 
dissolves  and  gelathiizes  on  cooling  (lii  Ik  gelatin),  while  tbeuiure  dilbcuHly  soluble  fibroin 


•Zeilachr  f.  phjsiol.  Chem.,  Bd.  24. 

'  Gruodztige  ciucr  vergl.  Physiol,  d.  thicr.  Gertislsubsl.     Heidelberg.  1885, 

*  Zulocostaa,  Cotiipt.  rend.  Tome  107  :  nuudeshftgen,  Maly's  Jaliresber,,  1895;  Hot* 
Back.  Zeitscbr.  f,  physioL  Chera,,  Bd.  24, 

*  Zeitscbr.  f.  Biologic,  Bd.  33. 
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remains  timlUsolved  la  tlie  shape  of  Ibe  origiD&l  fibre.  On  boil  fog  with  acid  the  fibroif> 
yielrts  lilttnio  (Wetl  '  *»  glycocol).  and  a  great  flful  of  tyroain.  Fibroiii  h  dissnlved  in  cold 
cuiiceutiated  hydrochloric  ucid  with  Uu?  expUisiuu  of  i;?  nitrogtu  us  amiivoDin,  \\\n\  ft  is 
vctfiTcrteil  into  another,  nearly  n*lalefi  siih?4fanef  called  sejHcoiu  (Wetl).  8eric1ii  yiekli 
no  glycucull,  but  leuciQ  and  strin  {MmiiJitL'lliyleiduciic  acid).  The  coiupusiiiou  of  tbe 
abi*vi'-intulioned  bodies  is  as  foHows): ' 

C  n            N  S  0 

Cotichtoliu  (from  snail^egs)  50  »3  6.S8  \1M  0.31  24.84   (KurKENBERo) 

Spoiigia 7.,.  46  W  6.30  16  20  0.5'  27.50  iCuaucKJiWiTT) 

48.75  6.35  16.40  (Popselt) 

Coniein ..,, ...  48%  6.^  16.81         38,S3  (KiirKENBEno) 

FibroiD 48.38  6.27  18.31  ....  27.19  (Crameu) 

- 48.30  6.50  19.20  ....  26.00  (Vionun) 

Sericin... - 44.33  6.18  18.80  ....  30.20  (CiuHKlO 

Appendix  to  Chapter  TT. 

A.   PBOtAlffXirS   AITB   HI8TOK8. 

Protamms.  Id  close  relationship  to  the  proteids  etandB  a  group  of  Bub- 
stancefi,  ihe  protamine,  discovered  by  Miesciieh,  wliich  are  designated  bj 
KossBL  as  the  Bimpieat  proteids  or  as  the  nnclens  of  the  protein  bodies. 
They  correepond  to  the  proteids  in  that  they  give  the  three  basic  bodies. 
IjaJD,  arginin,  and  histidin,  on  cleavage  but  ditler  from  the  proteids, 
amongst  other  things,  in  not  yielding  any  aniido-acida  as  cleavage  products. 
RupPEL*  has  found  that  the  watery  extract  of  finely  divided  tubercle  bacilli 
when  faintly  alkaline  or  completely  neutral  lias  the  property  of  precipitating 
certain  proteids  from  their  solution*  This  property  is  dependent  upon  a 
aabfitance  preci  pi  table  by  acetic  acid  whicli  he  considers  as  a  combination  of 
a  protamin  tuberculosamin  with  a  nncleic  acid,  iulmrculmic  acid.  Free 
nucleic  acid  exists  in  the  watery  ex  tracts  although  the  reaction  is  faintly 
alkaline  or  neutral  (?). 

Protamin  was  discovered  by  Mibscher*  in  salmon  spermatozoa.  Later 
KossEL  isolated  and  studied  similar  bases  from  the  spermatozoa  of  herring 
and  sturgeon.  As  all  these  bases  are  not  identical,  Kossel  uses  the  name 
protamins  to  designate  the  group  and  calls  the  individual  protamins 
saimin^  clupetn,  and  sturin,     Kurajeff*  has  prepared  a  protamin  from 


*  Ber.  d.  deuUch.  chetn.  Gcsellsch..  M.  21. 

»  Krtikenberg,  Ber,  d.  deutsch.  chem.  Gesellsch.,  Bdd.  17,  18,  aod  Zeitscbr,  f. 
Biologie,  IJd.  22  ;  Croockewitl,  Aonal  d.  Cbem.  u.  Pharm.,  Bd.  48  ;  Pyast'lt,  ibid.,  Bd. 
45;  Crami?r,  Jotirn.  f.  prakt.  Cherii.,  Bd.  96;  Vigoon.  Conipl.  read..  115. 

■Zcitachr.  f.  pliyslol.  Chem  ,  Bd.  26. 

•  In  regiird  to  protambis,  see  Mieschur  in  ihe  histo-chemical  and  pbyaiMoglcal  works 
of  Ft,  MIeseher.  Leipzig,  1897  ;  Piecard.  Ber.  d.  deutscb.  chem.  Qesellsch.,  Bd.  7  ; 
Bcbiiiiedcberg,  Arcb,  f,  cxp.  Path.  u.  Pharm.,  Bd.  37;  Kosstl,  Zeitsclir.  T  pbysiol, 
Cbem..  Bd.  23  (nel>or  die  basischeu  Stoffe  des  Zellkerns)  and  Bd.  25,  S.  165  and  190. 
aod  SlUtingiber,  der  Gesellsch.  zur  BefQrd.  der  ges,  Nalurwiss.  zu  Marburg,  1897  ; 
Koisel  and  Mathews.  Zeiischr.  f.  physiol.  Chem.,  Bdd.  23  and  25. 

■  Zeiuchr.  f.  pbysiol,  Chem.,  Bd.  26. 
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the  spermatozoa  of  mackerel,  which  he  calls  scombrin,  which  stands  close  to 
clapein  (or  salmin),  bnt  is  not  idejitical  therewith.  The  simplest  formala 
for  the  sulphate  is  C,,H.,]Si„0.2H,S0,. 

The  protamins  are  sabstances  rich  in  nitrogen  (30^  N  or  more)  of  a 
basic  nature.  Salminy  which  is  identical  with  clupein  (Kossel),  has  the 
formula  C,.H„N,0, ,  ^according  to  Miescher  and  Schmiedebero,  and 
C„II^,N„0, ,  according  to  Kossel.  Sturin  has  probably  the  formula 
C„II„N,,0,.  These  statements  of  Kossel  as  to  the  composition  of  clupein 
(or  salmin)  have  been  found  incorrect  by  recent  investigations  of  the  same 
author.  On  heating  with  dilute  mineral  acids,  as  also  by  tryptic  digestion, 
the  protamins  first  yield  protamin  peptone,  protone^  from  which  the  three 
bases,  lysin,  arginin,  and  histidin,  are  derived  on  further  cleavage  (Kossel 
and  Mathews).  A  molecule  of  salmin,  according  to  Kossel,  yields  a 
molecule  each  of  histidin  and  lysin  besides  three  molecules  of  arginin. 
Sturin,  on  the  contrary,  yields  one  molecule  histidin  besides  three  molecnles 
arginin  and  two  molecnles  lysin.  Neither  lysin  nor  histidin,  but  only 
arginin,  occurs  in  clupein,  which  is  also  true  for  scombrin.  The  other  con- 
stituents of  the  molecule  of  these  protamins  are  still  unknown.  Kossel 
was  able  to  detect  a  body  with  the  composition  of  amido- valerianic  acid  in 
clupein.  We  must  wait  for  further  elucidation  as  to  the  nature  of  the 
protamins  before  we  can  give  anything  positive  as  to  the  relationship  of 
these  bodies  to  the  protein  substances. 

Solutions  of  these  bases  in  water  are  alkaline  and  have  the  property  of 
giving  precipitates  with  ammoniacal  solutions  of  proteids  or  primary 
albumoses.  These  precipitates  are  called  bistons  by  Kossel.  The  salts 
with  mineral  acids  are  soluble  in  water,  but  insoluble  in  alcohol  and  ether. 
They  are  more  or  less  readily  precipitated  by  neutral  salts  (NaCl).  Among 
the  salts  of  the  protamins  the  sulphate,  picrate,  and  the  double  platinum 
chloride  are  the  most  important  and  are  used  in  the  preparation  of  the 
protamins.  The  protamins  are  like  the  proteids,  IsBvogyrate.  They  give 
the  biuret  test  beautifully,  but  not  Millon's  reaction.  The  protamin  salts 
are  precipitated  in  neutral  or  even  faintly  alkaline  solutions  by  phospho- 
tungstic  acid,  tungstic  acid,  picric  acid,  chromic  acid,  and  alkali  ferro- 
cyanides.  The  two  protamins  salmin  (clupein)  and  sturin  differ  from  each 
other  cbiefiy  by  a  different  composition,  different  solubilities,  and  somewhat 
different  behavior  of  the  sulphate. 

The  protamins  are  prepared,  according  to  Kossel,  by  extracting  the 
heads  of  the  spermatozoa,  which  have  previously  been  extracted  with 
alcohol  and  ether,  with  dilute  sulphuric  acid  (l-2j^),  filtering,  and  precipitat- 
ing with  4  vols,  of  alcohol.  The  sulphate  may  be  purified  by  repeated  solution 
in  water  and  precipitation  with  alcohol,  and  if  necessary  conversion  into  the 
picrate.  Miescher  extracts  with  very  dilute  hydrochloric  acid,  neutralizes 
the  excess  of  acid,  and  precipitates  the  base  as  the  double  platinum  salt 


E18T0N. 


61 


As  above  remarked,  Kossel  considers  tlie  protamins  as  the  simplest 
proteids.  If,  as  is  tlitis  far  generally  the  case,  we  only  consider  sncb  bodiea 
trae  protein  substances  which  on  decomposition  not  only  yield  basic  bodies 
but  also,  and  chiefly,  monamido-acids,  we  are  rather  inclined  to  consider, 
wMh  Kossel,  the  protamine  as  the  nnclens  of  the  proteids,  so  as  not  to 
entirely  destroy  our  conception  of  protein  bodies.  Still,  before  we  admit 
this,  the  two  following  conditions  must  be  elucidated:  1.  It  mnst  be  shown 
that  all  protein  snbstauces  yield  the  three  protamiu  bases  as  cleavage 
products^  a  fact  which  hjis  not  been  fjuite  positively  coiitirnied  (see  Elastin). 
While  IIedin  and  Beugii  *  conld  not  find  either  lysin,  arginin,  or  liistidiQ 
among  the  cleavage  products  of  elastin,  still,  on  the  contrary,  Kosskl  and 
KrTSfHEii*  hare  been  able  to  detect  a  very  small  amount  of  arginin,  0.3^, 
ia  the  cleavage  products  of  this  albiimoid.  In  fibroin,  (I.  Wetzel'  conld 
either  not  detect  any  or  only  very  inconsiderable  qaan  titles  of  basic  nitrogen, 
0.0^  of  the  total  nitrogen.  Conchiolin  yielded  %S)^H  of  the  total  nitrogen 
as  basic  nitrogen.  Among  the  decomposition  products  Wetzel  found  a 
sabstance  whose  hydrochloride  showed  the  same  crystallizittion  as  histidin 
hydrochloride,  but  had  a  ditlereut  meltiug-point.  2.  We  must  obtain 
further  explanation  in  regard  to  the  molecular  weight  of  peptones,  for,  as 
the  thing  stands  at  present,  the  proteid  peptone  as  well  as  the  gelatin 
peptone,  which  are  generally  considered  as  ])roteid9,  have  a  lower  molecular 
weight  (!i50-400)  than  the  pro  tarn  i  us  (galniin  751  and  sturiu  879,  according 
to  Kossel). 

Histon  is  tlie  name  given  by  Kossel*  to  a  substance  isolated  by  him 
from  the  red  corpuscles  of  goose-blood.  It  ia  similar  iu  certain  behavior  to 
the  peptones  iu  the  old  sense  (the  albumoses).  This  htston  has  the  same 
amount  of  carbon  and  hydrogen  as  ordinary  proteid,  but  contains  somewhat 
more  nitrogen,  about  18^*  When  prepared,  as  suggested  by  Kossel,  from 
bloo^l-corpnsclea  by  extractiou  with  hydrochloric  acid,  precipitation  of  the 
acid  solution  by  rock  salt,  and  dialyzation  wntil  free  from  salt,  it  gives  the 
three  following  characteristic  reactions  in  netitral,  salt-free  solution: 
1.  The  solution  does  uot  coagulate  on  boiling-  2.  With  ammonia  the  salt- 
free  solution  gives  a  precipitate  insoluble  in  an  excess  of  the  animonia. 
3.  Nitric  acid  caused  a  precipitate,  which  disappeared  on  warming,  and 
reappeared  on  cooling. 

Later  bodies  have  been  described  as  histons  which  show  a  different 
behavior  in  one  way  or  another.     Lilienfeld  lias  prepared  a  histon  from 


»  Zeitschr.  f.  pliysloL  Cbeiiu.  Bd.  25. 

*iWa,.  lid,  25.  8.551. 

*ihid,,  BJ   26. 

«  Kossel.  Zcitschr,  f.  physiol.  Cbem,,  B<L  8,  aod  SUzungsber.  der  Geaellscb.  zur 
Bef5rd.  d.  f^m.  Wiasensch.  zu  Marburg,  LS97  ;  LiUeufeld,  Zeitscbr.  f.  physloh  Cheiu., 
Bd.  18;  Sell  Ilk.  ibid,,  Bd,  24  ;  Malbewd,  ibid,,  Bd,  23. 
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leucocytes,  whose  solation  coagulated  on  boiling,  yielding  a  coagnlnm 
readily  solable  in  mineral  acids.  This  histon  acted  like  Eossel's  histon 
with  ammonia.  Schulz  considers  the  proteid,  globin,  set  free  on  tbe 
cleavage  of  haemoglobin,  as  a  histon,  although  it  is  extremely  soluble  in 
ammonia  and  does  not  dissolve  in  an  excess  of  ammonia,  only  in  the  presence 
of  ammonium  chloride.  Mathews  has  isolated  a  body,  which  he  calls 
arbaciUy  from  the  spermatozoa  of  the  sea-urchin  (arbacia),  and  which  he 
considers  as  a  histon,  but  which  differs  from  the  other  histons  in  that  it 
cannot  be  precipitated  by  ammonia.  The  neutral  solution  of  this  histon  ia 
precipitated  by  the  above-mentioned  (page  60)  protamin  precipitatants. 
It  has  not  been  shown  how  the  other  so-called  histons  act  with  these  pre- 
cipitants. 

It  seems  that  bodies  of  various  kinds  have  been  described  as  histons, 
therefore  the  author  does  not  feel  justified  in  giving  a  clear  and  precise 
definition  of  histon.  According  to  Kossel  the  histons  are  probably  com- 
binations of  protamins  and  proteid. 

B.  Hydkolytic  Cleavage  Pkoducts  of  the  Pkoteih  Substances.' 

1.  Monamido  Acids. 

Leucin,  C.H„NO, ,  or  amido-caproic  acid,  more  recently  called 
a-amido-isobutylacetic  acid,  (CH.),OH.CH,.OH(NH,).COOH.  Leucin  is 
formed  not  only  in  the  trypsin  digestion  of  proteids,  but  also  from  the 
protein  substances  by  their  decomposition  on  boiling  with  diluted  acids  or 
alkalies,  by  fusing  with  alkali  hydrates,  and  by  putrefaction.  Because  of 
the  ease  with  which  leucin  and  tyrosin  are  formed  in  the  decomposition  of 
protein  substances,  it  is  difficult  to  positively  decide  whether  these  bodies 
when  found  in  the  tissues  are  constituents  of  the  living  body  or  are  only  to 
be  considered  as  decomposition  products  formed  after  death.  Leucin  has 
been  found  as  a  normal  constituent  of  the  pancreas  and  its  secretion,  in  the 
spleen,  thymus,  and  lymph-glands,  in  the  thyroid  gland,  in  the  salivary 
glands,  in  the  kidneys,  brain,  and  liver.  It  also  occurs  in  the  wool  of 
sheep,  in  dirt  from  the  skin  (inactive  epidermis)  and  between  the  toes,  and 
its  decomposition  products  have  the  disagreeable  odor  of  the  perspiration  of 
the  feet.  It  is  found  pathologically  in  atheromatous  cysts,  ichthyosis  scales, 
pus,    blood,   liver,   and   urine   (in  diseases  of  the   liver  and  phosphorus 

'  As  it  is  not  within  the  scope  of  this  work,  we  cannot  enter  into  details  in  rcgiini  to 
all  the  cleavage  prodiicls  of  the  protein  substances.  These  may  be  fonnd  in  Iinndbooks 
of  chemistry.  For  this  reason  the  most  important  cleavage  products  of  proteids  will  be 
given  in  the  appendix  to  the  protein  substances,  camic  acid  and  peptones  having  already 
been  described.  For  practical  reasons  the  two  amido  acids,  leucin  and  tyrosin,  will  be 
treated  of  together,  although  it  would  )e  more  theoretically  correct  to  treat  tbe  acids  of 
the  aliphatic  and  aromatic  series  separately. 
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poisoning).  Leucin  occurs  often  in  invertebrates  and  also  in  the  plant 
kingdom.  On  hydrolytic  cleavage  Tarions  protein  subetancca  yield  different 
amonnte  of  lencin.  Eiilenmeyer  and  Schoffeu  obtained  36-45,'^  from 
the  cervical  ligament,  Coiix  3*2^  from  casein,  and  Nencki  1*5-2^  from 
gelatin.* 

Lencin  has  been  prepared  aynthetically  by  IICfxer*  from  isovaleralde- 
hyde-ammonla  and  hydrocyanic  add.  Thia  leucin  is  optically  inactive. 
Inactive  leucin  may  also  be  prepared,  as  shown  by  E,  Schiti^ze  and 
BossHARD,*  by  the  cleavage  of  proteida  with  baryta  at  IGO""  C.  or  on  heating 
ordinary  leucin  with  baryta- water  to  the  same  temperature.  The  la^vo- 
rotatory  modification  may  be  formed  from  the  inactive  leucin  by  the  action 
of  penicillum  glaucum.  The  leticin  obtained  in  the  pancreatic  digestion  of 
proteida,  as  well  its  in  their  cleavage  with  liydrochloric  acid,  seemaalwaya  to 
be  the  dextro-rotatory  variety.  Cohn  *  has,  however,  obtained  a  leucin 
differing  from  the  ordinary  leucin  in  tlie  tryptic  digestion  of  tibrin. 
HCfxer  has  prejiared  an  isomer  of  leucin  from  mouobromcaproic  acid  and 
ammonia.     It  is  a  question  whether  there  exist  natural  leucina  correspond- 

^ing  to  normal  caproic  acid.     On  oxidation  the  lencins  yield  the  correspond- 
ing oxyacids  (leucinic  acids).     Leuciu  is  decomposed  on  heating,  evolving 

[carbon  dioxide,  ammonia,  and  amylamiu.     On  heating  with  alkalies,  as  also 
in  putrefaction,  it  yields  valerianic  acid  and  ammouia. 

Lencin  crystallizes  when  pure  in  shining,  white,  very  thin  plates,  usually 
forming  round  knobs  or  balls,  either  appearing  like  hyalin  or  alternating 
light  or  dark  concentric  layers  which  consist  of  radial  groups  of  crystals* 
Leucin  as  obtained  from  the  animal  ihuds  and  tissues  is  very  easily  soluble 
in  water  and  rather  easily  in  alcohol.     Pure  leucin  is  soUible  with  difficulty; 

Eccording  to  certain  statements  it  dissolves  in  about  20  parts  of  water  at 
ordinary  temperatures  or  little  higher,  and  according  to  others  in  40  parts. 
This  difference  may  be  due,  according  to  Gmelin,'  to  the  fact  that  the 
^Koptically  active  leucina  may  be  variable  mixtures  of  tlie  dextro-  and  hevo- 
^rotatory  modifications.     The  inactive  leucin  is  most  insoluble.     The  specific 
rotation    of    the    ordinary    leucin,    dissolved     in     hydrochloric    acid,    ia 

P<,r)D  =  +  17.5. 
Leucin  is  readily  soluble  in  alkalies  and  acids.     It  gives  crystalline  com- 
pounds with  mineral  acids.     If   liydrochloric   acid  leucin  is  boiled   with 

f*  Erktiraeyer  aad  Scb^ffer,  ciled  from  Mulj,  Chenv  d.  Yerdiiuungssafle,   la   Her- 
fiDfi*«  Httbdb.  d.  PliyiiloL,  B<1.  5,  ThciJ  2,  S.  300  ;  Cohu,  Zeitacbr.  f.  phyBiol  Chtm., 
d.  22;  Ncnckf.  Jouru.  f.  praki.  Cbem   (N,  F.).  Bd.  15. 
»  Joiiru.  f,  pmkt.  Cbcm,  (N.  F,).  Bil.  1. 
«»  *?t'©  Zeiucbr.  f.  pbyaioK  Cbem.,  Bdd.  9  and  10. 
*  noppc*Seyler*s  Elaudbucb,  6.  AuU-,  S.  134,  aod  Cohn,  Zeltschr.  f.  pbysloL  Cbem., 
j>d.  20. 

ft  Zeitschr.  f.  phjaiol  Obem.,  Bd.  18. 
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alcohol  containing  3-4:^  HCl  long  narrow  crystalline  prisms  of  hydro- 
chloric acid  lencinethylester  melting  at  134°  are  formed.  On  slowly  beating 
to  170''  C.  it  melts  and  snbiimes  in  white,  woolly  flakes  which  are  similar 
to  sublimed  zinc  oxide.  A  marked  odor  of  amylamin  is  generated  at  the 
same  time. 

The  solation  of  lencin  in  water  is  not,  as  a  rnle,  precipitated  by  metallic 
salts.  The  boiling-hot  solation  may,  however,  be  precipitated  by  a  boiling- 
hot  solation  of  copper  acetate,  and  this  is  made  ase  of  in  separating  lencin 
from  other  sabstances.  If  the  eolation  of  leucin  is  boiled  with  sugar  of 
lead  and  then  ammonia  be  added  to  the  cooled  solation,  shining  crystalline 
leaves  of  leacin-lead  oxide  separate.  Leucin  dissolves  copper  oxyhydrate 
but  does  not  reduce  on  boiling. 

Leucin  is  recognized  by  the  appearance  of  the  balls  or  knobs  under  the 
microscope,  by  its  action  when  heated  (sublimation  test),  and  by  Scherer's 
test.  This  last  consists  in  the  leucin  yielding  a  colorless  residue  when 
carefully  evaporated  with  nitric  acid  on  platinum-foil,  and  this  residue 
when  warmed  with  a  few  drops  of  caustic  soda  gives  a  color  varying  from  a 
pale  yellow  to  brown  (depending  on  the  purity  of  the  leucin),  and  on 
further  concentrating  over  the  flame  it  agglomerates  into  an  oily  drop  which 
rolls  about  on  the  foil. 

Tyrosin,  C,n,,NO„  or  jo-oxyphenyl-amidopropionic  acid,  HO.C.H,.- 
C,n,(NH,).COOH,  is  derived  from  most  protein  substances  (not  gelatin 
and  reticulin)  under  the  same  conditions  as  leucin,  which  it  habitually 
accompanies.  From  genuine  proteids  such  as  casein  3-4,^,  from  horn  sub- 
stance l-5^y  from  elastin  0.25^,  and  from  fibroin  about  5^  have  been 
obtained  by  Weyl  and  others.*  It  is  especially  found  with  leucin  in  large 
quantities  in  old  cheese  (Tvpos)^  from  which  it  derives  its  name.  Tyrosin 
has  not  with  certainty  been  found  in  perfectly  fresh  organs.  It  occurs  in 
the  intestine  in  the  digestion  of  albuminous  substances,  and  it  has  about 
the  same  physiological  and  pathological  importance  as  leucin. 

Tyrosin  was  prepared  by  Erlenmeyer  and  Lipp"  from  p-amido- 
phenylalanin  by  the  action  of  nitrous  acid.  On  fusing  with  caustic  alkali 
it  yields  p-oxybenzoic  acid,  acetic  acid,  and  ammonia.  On  putrefaction  it 
may  yield  p-hydrocoumaric  acid,  oxyphenyl-acetic  acid,  and  p-cresol. 

Tyrosin  in  a  very  impure  state  may  be  in  the  form  of  balls  similar  to 
leucin.  The  purified  tyrosin,  on  the  contrary,  appears  as  colorless,  silky, 
fine  needles  which  are  often  grouped  into  tufts  or  balls.  It  is  soluble  with 
dijQficulty  in  water,  being  dissolved  by  2454  parts  water  at  +  20°  C.  and  154 
parts  boiling  water,  separating,  however,  as  tufts  of  needles  on  cooling.     It 

>  See  Maly,  1.  c,  Bd.  5,  Tbeil  2,  S.  212  ;  R.  Colin,  1.  c;  Weyl,  Ber.  d.  dculscb. chem. 
Gescllscli.,  Bd.  21. 

*  Ber.  (1.  deutscb.  cbem.  Gesellsch.,  Bd.  15. 
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Fes  more  easily  in  the  presence  of  alkalies,  ammonia,  or  a  mineral  acid, 
I  It  is  diJTicultly  soluble  in  acetic  acid.  Crystals  of  tyrosin  eepanite  from  an 
^t  smmoniaoal  solntion  on  the  spontaneous  evaporniion  of  the  ammoBia.  The 
"eolation  of  the  tyrosin  obtained  from  protein  Br.bstances  by  the  action  of 
acida  has  always  a  faint  lievo-rotatory  power.  Tyrosin  prepared  synthetically 
H  or  by  decomposition  of  proteids  by  baryta  is  optically  inactive.*  Tyrosin  ii 
Bot  soluble  in  alcohol  or  ether.  It  is  idontified  by  its  crystalline  form  and 
^  Ly  the  following  reactions: 

H        PiRiA^S  Te^t.     Tyrosin  is  dissolved  in  concentrated  siilplmric  acid  by 
^  the  aid  of  heat,  by  which  tyrosin-snlphnric  acid  is  formed;  it  is  allowed  to 
cool,  diluted  with  water,  neutralized  by  liaCO, ,  and  filtered.     On  the  addi- 
tion of  a  solution  of  ferric  chloride  the  filtrate  gives  a  l>eautifnl  violet  color. 
This  reaction  is  disturbed  by  the  presence  of  free  mineral  ncitls  and  by  the 

addition  of  too  much  ferric  chloride. 

HoFMAKN^s  75?^/.  If  some  Water  ia  poured  on  a  small  quantity  of 
tyrosin  in  a  test-tube  and  a  few  drops  of  ^Iu.lon^s  reagent  added  and  then 
the  mixtare  boiled  for  some  time,  the  liquid  becomes  a  beautiful  red  and 
then  yields  a  red  precipitate.  Mercuric  nitrate  may  first  be  added,  then, 
after  this  has  Ix^iled,  nitric  acid  containing  nome  nitrons  acid. 

Scherer's  Test.  If  tjTosin  is  carefully  evaporated  to  dryness  with 
nitric  acid  on  platinum-foil,  a  beautiful  yellow  residue  (nitro-tyrosin  nitrate) 
is  obtained,  which  gives  a  deep  reddish-yellow  color  with  caustic  soda. 
This  teat  is  not  characteristic,  as  other  bodies  give  a  similar  reaction. 

'  Leucin  and  tyrosin  may  be  prepared  in  large  cpiantitiea  by  boiling 
alhtitninous  bodies  or  albuminoids  Mitli  dikite  mineral  acids.  Ordinarily 
we  boil  hoof-shavings  (2  parts)  with  dilute  sulphuric  acid  {5  parts  concen- 
trated acid  and  13  parts  water)  for  24  hours.  After  boiling  the  solution  it 
is  diluted  with  water  and  neutral i-^v I  while  still  warm  with  milk  of  lime  and 
then  filtered.  The  calcitim  sulplfate  id  repeateilly  boiled  with  water,,  and 
the  several  filtrates  are  united  and  cuncentruted.  The  lime  is  precipitated 
from  the  concentrated  liquid  by  oxalic  acid  and  the  precipitate  filtered  oflf, 
repeatedly  boiled  with  water,  all  filtrates  united  and  evaporated  to  crystal- 
lization. What  first  crystidlizcs  consists  chiefiy  of  tyrosin  witli  only  a  little 
acin.  By  concentmtion  a  new  crystallization  may  be  produced  in  the 
»ther-Iiquor,  whicli  consists  of  leocin  with  some  tyrosin.  To  separate 
lencin  and  tyrosin  from  each  other  their  different  solubilities  in  water  may 
be  taken  advantage  of  in  preparing  tliem  on  a  large  scale,  but  surer  and 
better  results  are  obtained  by  tlie  following  method  of  Hlasiw'etz  and 
IL^BERMAKK.'  The  crystalHt^e  mass  ia  boiled  with  a  larg-j  quantity  of 
water  and  enough  ammonia  to  dissolve  it.  To  this  boiling- hot  solution 
enough  basic  lead  acetate  is  added  until  the  precipitate  formed  is  nearly 
whitej  now  fiiter,  heat  the  light  yellow  filtrate  to  boiling,  neutralizes  with 


'  See  MAUthoer,  Wien.  Bllzuagsber.,   Bd.  85.  and  E,  Schulze,  Zeltsclin  f.  phyaiul. 
Cbem.,  Bd.  9. 

"  ADnal.  d.  Chem,  u.  Pharm.,  Bd,  1G9,  9.  160* 
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salpliuric  acid,  and  filter  while  boiling  hot*  After  cooling,  nearly  all  the 
tyrosiii  is  precipitated,  while  the  leucin  remains  in  the  solution •  The 
tyrosin  may  be  purified  by  recryatHllizing  from  boiling  water  or  from 
ammoiiiaeal  water.  The  above-mentioned  mother-liquor  rich  in  leuoin  is 
treated  with  H,S,  the  filtrate  concentrated  and  boiled  witli  an  excess  of 
freshly  precipitated  copper  oxyhydrate.  A  part  of  the  lencin  is  precipitated, 
and  the  residne  remains  in  the  solution  and  partly  crystallizes  as  a  cuprous 
compound  on  cooling.  The  copper  is  removed  from  the  precipitate  and 
solution  by  means  of  n,8,  the  filtrate  decolorized  when  necessary  with 
animal  charcoal,  strongly  concentrated  and  allowed  to  crystallize.  The 
leucin  obtained  from  the  precipitate  is  quite  pure,  while  that  from  the  solu- 
tion is  somewhat  contaminated. 

If  one  is  working  with  small  qaantities,  the  crystals,  which  consist  of  a 
mLxture  of  the  two  bodies,  may  be  dissolved  in  water  and  this  solution 
precipitated  witli  basic  lead  acetate.  The  filtrate  is  treated  with  H,S,  the 
new  filtrate  evaporated  to  dryness,  and  the  residne  treated  with  warm 
alcohol,  which  dissolves  the  leucin  but  not  the  tyrosin*  The  remaining 
tyrosin  ia  purified  by  recrystallizntion  from  ammoniacal  alcohol.  Lencin  J 
may  be  purified  by  recrystalliziUion  from  boiling  alcoliol,  or  by  precipitating  ™ 
it  as  leucin  lead  oxide,  treating  the  precipitate  sas^iended  in  water  with 
II^S  and  evaporating  the  filtered  solution  to  crystallization.  In  purifying 
crnde  leucin  RoHMANN  *  prepares  the  hydrochloric  acid  compound,  and 
purifies  by  solution  in  a  little  water,  and  recryBtallizes  by  cooling  the  solu- 
tion, and  from  these  he  prepurea  the  hydrochloric  acid  loucincthyl  ester. 

To  detect  the  presence  of  leucin  and  tyrosin  in  animal  fluids  or  tissuea 
the  proteids  must  first  be  removed  by  coagulation  with  the  addition  of 
acetic  acid  and  then  precipitated  by  basic  lead  acetate.  The  filtrate  is 
treated  with  11,8,  this  filtmte  evaporated  to  a  simp  or  to  dryness,  and  the 
two  bodies  in  the  residne  are  separated  from  each  other  by  boiling  alcohol 
and  then  purified  as  above  stated. 


Glywwol  b  or  finiulo-aeeiic  acid.  Tliis  acid  Ims  jiot  been  obtained  ns  a  cleavage  product 
of  true  pioleids,  but  only  in  tlm  cleiivuge  of  gelatin  and  otber  albuminoids.  Asglycocoll 
is  of  grtater  interest  as  a  cleaTage  product  of  glycucholic  aciil  aad  certain  tJiber  coaju- 
gated  nt  ids,  it  will  be  treated  of  in  Cbapter  VIll. 

AUnin.  C,H,NO, .  or  a-aniido  prupionic  acid,  CHi.CH(NH,lCOOH.  has  been  ob- 
tained hy  Wetl'  OS  a  cleavage  product  of  fibroin  from  raw  silk,  Cydin,  occurring 
occasioually  In  the  urine*  is  considered  ns  a  derivative  of  alanin. 

Phenylalanio,  or  a-pbenylamldopropionic  acid,  CJIft.CHt.t'IItNBoCOOH,  first  ob- 
tained by  SCHUI.2K  aud  Bakbieui  its  a  cleavage  product  of  vegetable  proteid.  Tb«  for- 
mation of  this  acid  iu  the  cleavage  of  casein  with  bydrocbloric  acid  and  tin  chloride 
ia  abo  probable  according  to  E,  ScutjLZK/ 

BatalaEin,  CtUuKO,,  or  6amidovalenunic  acid.  Cn,(NH»)iCHi),COOH.  This  acid 
was  lirat  detected  in  Ibe  pancreas  by  v.  Gobi  p-BKeANKZ,  ihen  l)y  Schulzk  and  BAKBiERr 
\n  Itipia  seeils,  also  by  E.  and  H.  Salkowski  in  the  putrefa'ctiou  of  fibrin,  meat  and 
gelatin  (H.  8.iJ  KowisKi),  aud  hy  Sikcjfhied  amoug  the  cleavage  products  of  reticulio, 
and  by  ZALocosiAfl*  amoug  those  of  sp-ongin. 

This  acid  forms  colorless  leaves  or  starry  groups  of  aeedles.     It  molts  at  15T-158* 
with  decomposition.     It  ia  readily  Rolidile  in  water,  diasolTea  with  diMculty  in  boiling  j 
alcohol,  but  H  nearly  insoluble  in  alcohol  aud  ether 


I 


'  Ben  d,  deutsch.  cbenL  Gesellficb..  Bd.  30,  S.  IJlHtl. 

*  Ber.  d.  deutsch.  cbejn.  Gesellsch.,  Bd,  31. 

*  Schulze  and  Rarbieri,  V>tVl,  Bd.  16  ;  E.  Schulze,  Zeilscbr.  f.  pliyaiol.  Cli«n..  Bd.  y. 
^  V,  Qorup'Besantz,    Anna),    d,    Cheni,  u.    Pliarm.,  Bd.  98  j  Schulze  and  Barbierl^ 
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Aspaxtic  Acid,  C^n,NO,,  or  amido-slccixic  acid,  C,H,(NH,).(C00I1),, 
Thia  acid  ia  obtained  in  tlie  trypsiQ  digestion  of  fibrin  and  gelatiii.  It  may 
also  be  obtained  by  tVie  decomposition  of  albnminoua  bodies  or  albuminoids 
with  aoiils.  Hlasiwetz  and  Habekmank  '  obtained  523.8,^  aspartic  acid, 
altliough  not  quite  pure,  from  ovalbumin  and  9.3^  from  casein.  It  is  very 
widely  diffused  in  the  vegetable  kingdom  its  the  amid  AsrAKAGiXE  (amido- 
saccinic-acid  aniiJ),  which  seems  to  be  of  the  greatest  importance  in  the 
development  and  formation  of  the  aibuniinoua  bodies  in  the  plants. 

Aspartic  acid  dissolves  in  25<j  jiarta  water  at  +  10°  C.  and  in  18.6  parts 
boiling  water,  and  crystallizes  on  cooling  as  rhombic  prisms.  The  acid 
prepared  from  protein  substances  is  optically  active,  and  is  dextrogyrate  in 
a  solution  strongly  acid  with  nitric  acid,  atid  dextrogyrate  or  htvogyrafce  in 
a  watery  solution,  dependent  upon  the  temperature.'  It  forms  with  copper 
oxide  a  crystalline  combination  which  is  soluble  in  boiling-hot  water  and 
nearly  insoluble  in  cold  water,  and  wbich  may  be  used  iu  the  preparation  of 
the  pure  acid  from  a  mixture  with  other  bodies.  In  regard  to  methods  of 
prepanition  see  Hlasiwetz  and  Habeumann^,  and  E.  Schulze.' 

Glutamic  Acid,  CJI^NO^,  or  amido-pykotahtabic  acid,  C,1I^(NH,}. 
(COOH)^.  This  acid  was  firat  found  among  the  cleavage  products  of 
Bgetable  proteids  by  RiTTHArsEN  and  Kreuslee*  Since  then  Hlasiwetz 
id  Habermak^N"  have  found  it  among  the  cleavage  products  of  animal 
proteids  and  obtained  2^.\%  glntamic  acid  from  cihsein.  It  has  also  been 
prepared  by  Siegfried  from  the  albuminoid,  reticulin.* 

Clntiimic  acid  crystallizes  in  rhombic  tetrahedra  oroctahedra  or  in  small 
leaves.  It  melts  at  13^5-140°  with  partial  decomposition.  It  dissolves  in 
100  parts  water  at  ir>°  C.  and  in  1500  parts  80^  alcohol.  It  is  insoluble  in 
alcohol  and  ether.  The  glntamic  acid  obtained  from  proteids  by  boiling 
with  an  acid  ia  deitro-rotatory,  while  that  obtained  by  heating  with  barium 
hydrate  is  optically  inactive.  It  forms  a  beautifoUy  crystalline  combination 
with  hydrochloric  acid,  wbich  is  nearly  insoluble  in  concentrated  hydro* 
chloric  acid.  This  combinatiot  is  used  in  the  isolation  of  glutamic  acid. 
On  boiling  with  copper  oxyhydrate  a  beautiful  crystalline  copper  salt,  which 


Joum,  f.  prakt.  Cbem.  [1^.  Y\),  Bd.  27  ;  E.  and  11.  Salkowski,  Ber.  d.  deutsch.  chem. 
G^aellflcli.,  Bd.  16  ;  H.  Salkowski,  ibid,,  Bd,  31  ;  Siegfried,  see  foot-bote,  page  67  ;  Za: 
locoslas.  Compt,  rend.,  107, 

»  AnuaL  d.  Cheia.  u.  Pbarm.,  Bild,  159  u,  109. 

•  See  Landnlt,  Das  opliscUe  Drehungavermftgen  org.  Substanzeo,  BrRunschweig, 
1879.  and  Cook.  Ber,  d.  deutscb,  chem,  GeseUHch,,  Bd.  30. 

'Hlasiwetz  ami  HubermjiDri,  Aanal.  d,  Cbem.  u,  Phanii.,  Bd.  169;  E.  Scbulze, 
ZeiUcbr,  f.  pbysiol  Cbem.,  Bd.  9. 

^  Rittbausfii  and  Kreualer,  Journ.  f.  prakt.  Cbem.  (N.  F.)^  Bd.  3;  Hlasiwetz  and 
HaberEDaaa.  K  c,  Bd,  159;  Siegfried,  1.  c,  foot-note,  page  67. 


68  THE  PROTEIN  SUBSTANCES. 

is  soluble  with  difficulty,  is  obtained.     In  regard  to   the  preparation  of 

ghitamic  acid  see  Hlasiwetz  and  Habermank,  and  E.  Schulze.* 

Ohloff'  makes  use  of  ibe  nickel  salts  in  the  separation  of  tbe  various  amido  acids. 
Glycocoll  and  alanin  give  crystalline  salts,  which  are  soluble  with  difficulty  on  boiling 
wilh  an  excess  of  nickel  carbonate.  Aspartic  acids  give  a  non -crystal line  nickel  salt 
which  is  readily  soluble,  while  leuciu  does  not  give  any  nickel  salt  on  boiling  with  nickel 
carbonate. 

2.  Basic  Bodies. 

The  most  important  basic  products  of  hydrolytic  cleavage  of  protein 
substances  are  lysin  (lysatin),  arginin,  and  histidin.  These  are  called  liexon 
bases  by  Kossel. 

Lysin,  C.n,^N,0,,  probably  diamido-caproic  acid,  C^U^(XH,),C001I, 

is   homologous    to   ornithin    (diamido- valerianic   acid  ?).     Lysin    has   been 

obtained  by  Drechsel  and  his  pupils  not  only  from  different  proteids,  but 

also  from  several  albuminoids  on  boiling  them  with  acids.     It  is  also  formed 

in  the  tryptic  but  not  in  the  pej>tic  digestion  of  proteids,  and  also  in  the 

cleavage  of  protamins  (Kossel).'     Lysin  is  readily  soluble  in  water,  but 

does  not  crystallize.     It  is  dextro-rotatory,  bnt  becomes  optically  inactive  on 

heating  with  barium  hydrate  to  150°  C.     With  hydrochloric  acid  it  gives 

two  hydrochlorides,  and  with  platinum  chloride  it  gives  a  chloroplatinate 

precipi table  by  alcohol  with  the  composition  C,n,^K,0,.n,PbCl,  +  C,H^OH. 

Lysin  gives   two  silver  salts,   one  of   which   has   the  formula  AgNO,  + 

CJI,,N,0„  and  the  other  with    the  formula  AgNO,  +  C.H,>\0,.HNO, 

(IIedin).     It  gives   no  silver  combination   insoluble  in   soda  (Kossel). 

Witii  benzoyl  chloride  and  alkali  lysin  forms  a  conjugated  acid,  lysuric  acid^ 

CJI, 5X^0,(0, II^O),0,  (Drechsel),  which  is  homologous  with  ornithuric 

acid,  and  decomposes  into  benzoic  acid  and  lyein  on  being  heated   with 

concentrated  hydrochloric  acid  to  140-150°  C*     Lysuric  acid  may  be  used 

in  the  separation  of  lysin,  first  preparing  the  acid  barium  salt  (C.  Will- 

denow  •). 

Ornithin.  CsHitNiOt,  probably  diamido. valerianic  acid,  C4Ht(NHi),0OOH.  It  is 
formed  besides  benzoic  acid  in  the  cleavage  of  the  coniugated  ornWiurie  acid,  discovered 
by  Jaffe,  and  which  is  eliminated  by  birds  on  feeding  benzoic  acid.  It  is  also  pro- 
duced with  urea  in  the  cleavage  of  arginin  with  baryta-water  (Schtjlze  and  Winter- 
stein*).  Ornithin  gives  a  salt  crystallizing  in  broad  colorless  leaves,  with  nitric  acid. 
It  gives  an  odor  similar  to  semen  on  warming  with  caustic  soda.     On  putrefaction 

'  Hlasiwetz  and  Habermann,  Annal.  d.  Chcm.  u.  Pharm.,  Bd.  169 ;  E.  Schulze, 
Zeitschr.  f.  physiol.  Chem.,  Bd.  9. 

«  Centralbl.  f.  d.  med.  Wissensch..  1897,  S.  642. 

'  The  works  on  lysin  and  lysatin  may  be  found  in  Drechsel :  Der  Abbau  der 
Eiweisstoffe  in  Du  Bois-Reymond's  Arch.,  1891,  and  also  Hedin,  Zeitschr.  f.  physiol. 
Ohom..  Bd.  21 ;  Kossel,  ibid.,  Bd.  25. 

*  Drechsel,  Ber.  d.  deutsch.  chem.  Gesellsch.,  Bd.  28. 

*  Zeitschr.  f.  physiol.  Chem  ,  Bd.  25. 

*  Jaffe,  ibid,,  Bdd.  10  and  U  ;  Schulze  and  Winterstein,  ibid.,  Bd.  80. 
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£i*iJ?70ER*  hns  obtnioed  pntreacfii,  wLich  shows  thnt  fn  oriiithiu  an  amtdo  gr<viip  takes 
the  6  position. 

DUmido  acetic  Acid,  CiHtNjOs  ^  CH(NH^hCO0H»  was  uliiiuoed  by  DuECMeEL* 
iifnf»ag  tlie  cle«vnge  products  on  boiling  proteids  with  tin  nor]  hydrocbforfc  acuU  It 
crystallizes  in  prisms  and  foroia  a  inoubeDZoyl  combitjatioo,  ivhicb  Is  oot  very  sobdjle  in 
welter,  liiiii  nearly  itisohible  m  alcoLul,  uod  which  is  used  io  the  isulutiuu  of  the  add. 

Lysatin  or  Lysatinin.  Tbe  formula  of  this  sabstance  is  either 
C!.ll,,y,0,  or  C,1I^,N,0  +  H^O*  In  the  first  case  tbe  baee  is  liomoiogot.i 
ta  creatiu,  C\II,N,0^,  in  the  other  case  to  creatiuin,  C^1I,K/),  and  it  is 
for  thia  reason  the  body  is  called  lysatin  aa  well  as  lyaatiuin.  This  ba^e  ia  • 
formed  under  the  same  conditions  tm  ly^'in^  and  according  to  Hedin  it  is 
perhaps  only  a  mixture  of  lysin  and  urginin. 

The  haese  readily  decomposes,  and  ou  boiling  with  baryta-water  it  yields 
urea*  It  gives  a  double  gilver  s^nlt  with  the  formula  0,Hj^N,0,.IINO,  + 
AgXO, »  which  is  soluble  in  water  but  insoluble  in  alcohol-ether,  and  which 
is  ascd  in  the  separation  and  purification  of  the  base. 

Arginin,  C,IIj^N/_)^,  wus  first  discovered  by  SciirLZE  and  Stekjer  in 
etiolated  lupin  and  pumpkin  sprouts.  It  was  later  detected  by  IIkdin  in 
tbe  cleavage  products  of  horn  Bubstance,  gelatin,  and  several  proteid  bodies. 
Hedin  obtained  the  following  amounts  of  arginin  from  born  substance, 
gelatin,  conglutln,  albumin  from  egg-yolk,  ovalbumin,  and  casein  resj*ec- 
fci?elj:  2.25;  2.6;  2.75;  2.3;  0.8;  0-8j^.  Schclze  and  Rongger  obtained 
epecially  large  quantities  of  art^inin,  about  lOj^,  from  the  proteid  of  the 
conifer  seeds.  Arginin  al&o  occurs  among  the  products  of  trypsin  digestion 
(EossEL  and  Kutscuer). 

Arginin  is  a  crystalline  substance,  which  yields  nrea  and  apparently  also 
ornitbin  on  boiling  with  barium  hydrate  (see  above),  Several  crystalline 
Balta  and  double  salts  are  known  of  this  base^  among  which  the  silver  salt  is 
the  most  important.  Tbe  silver  salt,  AgNO,  +  C\H,^iN^O^  +  jH^O,  eepa- 
rates  on  slow  crystallization  in  beautiful  prismatic  crystals,  It  is  the  least 
soluble  of  all  the  silver  aalts;  and  is  best  suited  for  the  isolation  of  tbe  base. 
With  silver  salt  and  free  alkali  or  barium  hydrate,  arginin  gives  an  insoluble 
silver  compound  (Kosshl).' 

Histidin,  C,H,N,0, ,  was  first  discovered  by  Kossel  as  a  cleavage 
product  of  the  protamiua  (sturin).  Alter  this  it  waa  found  by  Hedin* 
among  the  cleavage  products  of  proteids  ou  boiling  them  with  dilate  acid, 
and  by  Kutscher  among  the  products  of  trypsin  digestion. 

Iliatidin  crystallizes  in  colorless  needles  or  lamelhi?.  Its  watery  eolntion 
is  not  precipitated  by  silver  nitrate  alone,  but  on  tbe  careful  addition  t,l 
ammonia  an  amorphous  precipitate  readily  soluble  in  an  excess  of  amtnoniu 

(  Bcr  d.  deutscb.  cbem,  Geaellsch.,  Bd.  81. 

•  Ber  d  sSchB.  Gt;s.  d.  Wissenach,,  Bd.  44. 

"ScUuIze  and  Steiger.  Zeitschr  T  physio).  Chera.,  Bd.  11;  Hedin.  *^/rf.,  Bd,  21 ; 
Sdiulzc  (am!  Uougift^r .  iW,,  Btb  24;  Kutscher,  ibid.,  BtL  25;  Kos.«ycl,  ibid, 

*  Koftscl^  Bitzuu^sler.  d.  k^^L  Preuss.  Akiid.  d.  Wiaaeusch.,  Bd.  18,  aud  ZeitskChr,  f. 
physioI.  Chem.,  Bd.  25;  Ht^diu,  ibiiL.  Bd.  22. 
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is  obtained.  The  hydrochloride  cryatallizea  in  beautiful  lamellated  crystals,* 
It  is  optically  inactive,  dissolves  rather  readily  in  water,  but  is  insoluble  in 
alcohol  and  ether.  Histidin  acts  like  arginin  with  silver  salt  and  alkali. 
Histidin  carbonate  is  precipitated  by  mercuric  chloride  (Kossel). 

The  principle  of  the  preparation  of  these  bases  consists  in  first  precipitat- 
ing all  the  bases  with  phospho-tungstic  acid,  which  leaves  the  amido  acids 
in  solution.  The  precipitate  is  decomposed  in  boiling  water  with  barium 
^  hydroxide  and  the  bases  obtained  from  the  filtrate  as  silver  combinations. 
In  regard  to  details  we  refer  the  reader  to  the  above-cited  works  of  Dbechsel 
and  Hedin.  Eossel  first  separates  the  histidin  from  the  other  bases  by 
precipitation  with  mercuric  chloride,  but  according  to  more  recent  investi- 
gations Kossel  '  finds  that  the  mercuric  chloride  method  cannot  be  used  as 
a  general  method  of  separating  arginin  from  histidin,  because  one  can  never 
be  sure  whether  or  not  the  histidin  is  not  contaminated  with  arginin. 
According  to  Kossel  lysin  may  be  readily  prepared  as  a  picrate,  which  is 
obtained  on  adding  an  alcoholic  solution  of  picric  acid  to  a  concentrated 
watery  solution  of  the  free  base.  Arginin  may  be  separated  from  lysin  by 
precipitating  with  silver  sulphate  and  barium  hydroxide. 

>  See  Bauer,  Zeitschr.  f.  physlol.  Chem.,  Bd.  22. 
*  Zeitschr.  f.  pbysiol.  Chem.,  Bd.  26. 
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THE  CARBOHTDHATES. 


We  designate  with  this  name  bodies  which  are  eepecially  abundant  in 

the  plant  kingdom.     As  the  protein  bodies  form  the  chief  portion  of  the 

^Bolids  in  animal  tissaee»  so  the  carbo hydrates  form  fche  chief  portion  of  the 

Iry  substance  of  the  plant  strnctiire.     They  occur  in  the  aninml  kingdom 

only  in  proportionately  small  qnantities  either  free  or  in  combinations  with 

nore  complex  molecules*  forming  componnd  proteitls.     Carboliytl rates  are 

>f  extraordinarily  great  importance  as  food  for  both  man  and  anim-ds. 

The  carbohydrates  contain  carbon y  hydrogen^  and  oxygen.     The  last  two 
Bleroents  occur  in  the  same  proportion  as  they  do  in  water,  namely,  2:1, 
id  this  ia  the  reason  why  the  name  carbohydrates  has  been  given  to  them. 
fTbis  name  is  not  quite  pertinent,    if  strictly  considered;   becanse  eren 
Lihocigh  we  have  bodies,  such  as  acetic  acid  and  lactic,  which  are  not  carho- 
I  Ijjdrates  and  still  have  their  oxygen  and  hydrogen  in  the  relationship  to 
form  water,  nevertheless  we  also  have  a  sugar  (rhamnose,  C^H,,OJ  which 
these  two  elements  in  another  proportion.     Heretofore  it  was  thought 
Bible   to  characterize   as   carbohydrates   those   bodies  which    contained 
€  atoms  of  carbon,  or  a  mnltiple,  in  the  molecule,  bat  this  is  not  considered 
Talid  at  the  present  time,     We  have  true  carbohydrates  containing  less  than 
16  and  also  those  containing  7,  8,  and  1)  carbon  atoms  in  the  molectile.     The 
|«&rboh  yd  rates  have  no  properties  or  characteristics  in  general  which  differ- 
entiate them  from  other  bodies;  on  the  contrary,  the  various  carbohydrates 
are  in  many  cases  very  different  in  their  external  properties.     Under  these 
circumjatances  it  is  very  difficnlt  to  give  a  positive  defiaition  of  carbo* 
hydrates. 

From  a  chemical  standpoint  we  can  say  that  all  carbohydrates  are 
aldehyde  or  ketone  derivatives  of  polyhydric  alcohols.  The  simplest  carbo* 
[iyd rates,  the  simple  sugars  or  monoaaccharidea,  are  either  aldehyde  or 
ketone  derivatives  of  these  alcohols,  and  the  more  complex  carbohydratea 
seem  to  be  derived  from  these  by  the  formation  of  anhydrides.  It  is  a  fact 
that  the  more  complex  carbohydrates  yield  two  or  even  more  molecules  of 
the  simple  sngars  when  made  to  undergo  hjdroiytic  splitting. 

The  carbohydrates  are  generally  divided  into  three  chief  groups,  namely^ 
'  monomccharides^  disaccharides^  and  polysaccharides. 

n 
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Our  knowledge  of  the  carbohydrates  and  their  stractural  relationships 
has  been  very  much  extended  by  the  pioneering  investigations  of  Kiliani* 
and  especially  those  of  E.  Fischer,' 

As  the  carbohydrates  occar  chiefly  in  the  plant  kingdom  it  is  naturally 
not  the  place  here  to  give  a  complete  discussion  of  the  unmerons  carbo- 
hydrates known  up  to  the  present  time.  According  to  the  plan  of  this 
work  it  is  only  possible  to  give  a  short  review  of  those  carbohydrates  which 
occur  in  the  animal  kingdom  or  are  of  special  importance  as  food  for  man 
and  animals. 

Monosaccharides. 

All  varieties  of  sugars,  the  monosaccharides  as  well  as  disaccharides,  are 
characterized  by  the  termination  **  ose,"  to  which  a  root  is  added  signifying 
their  origin  or  other  relations.  According  to  the  number  of  carbon  atoms, 
or  more  correctly  oxygen  atoms,  contained  in  the  molecule  the  monosaccha- 
rides are  divided  into  trioseSy  tetroses,  pentoses^  hexoseSy  heptosesy  and  so  on. 

All  monosaccharides  are  either  aldehydes  or  ketones  of  polyhydric 
alcohols.  The  first  are  termed  aldoses  and  the  other  ketoses.  Ordinary 
glucose  is  an  aldose,  while  ordinary  fmit-sngar  (levulose)  is  a  ketose.  The 
difference  may  be  shown  by  the  stractural  formula  of  these  two  varieties  of 
sugar : 

Glucose   =  CH,(OH).CH(OH).CH(OH).CH(OH).CH(OH).CHO; 
Levulose  =  011,(011). CH(On).CH(OH).CH(OH).CO.CH,(OH). 

A  difference  is  also  observed  on  oxidation.  The  aldoses  can  be  con- 
verted into  oxyacids  having  the  same  quantity  of  carbon,  while  the  ketoses 
yield  acids  having  less  carbon.  On  mild  oxidation  the  aldoses  yield  mono- 
basic oxyacids  and  dibasic  acids  on  more  energetic  oxidation.  Thus 
ordinary  glucose  yields  gluconic  acid  in  the  first  case  and  saccharic  acid  in 
the  second. 

Gluconic  acid    =  CH,(OH).[CH(OH)],.COOH  ; 
Saccharic  acid  =  COOH.[CH(OH)],.COOH. 

The  monobasic  oxyacids  are  of  the  greatest  importance  in  the  artificial 
formation  of  the  monosaccharides.  These  acids,  as  lactones,  can  be  con- 
verted into  their  respective  aldehydes  (corresponding  to  the  sugars)  by  the 
action  of  nascent  hydrogen.  On  the  other  hand  they  may  be  transformed 
into  stereo-isomeric  acids  on  heating  with  chinolin,  pyridin,  etc.,  and  the 
stereo-isomeric  sugars  may  be  obtained  from  these  by  reduction. 

»  Ber.  d.  deutsch.  chem.  Gesellsch.,  Bdd.  18,  19,  and  20. 

•  See  E.  Fischer's  lecture  :  '•  Syuthesen  in  der  Zuckergruppe,"  Ber.  d.  deutsch.  chem. 
Gesellscb.,  Bd.  23,  S.  2114.  An  excellent  work  on  Carbohydrates  is  Tollen*8  '*Eune8 
Haudbuch  der  Kohlebydrate,"  Bresluu,  Bd.  2,  1895,  and  Bd.  1,  2  Auflage.  1898,  wbfch 
gives  a  complete  review  of  the  literature. 
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Numerone  isomers  occur  among  tlie  monosaccbarides,  and  especially  in 
the  heiose  gronp,  la  certain  cases,  as  for  iDstaoce  in  glucose  and  levii!ose» 
we  are  dealing  with  a  different  constitntion  (aldoses  antl  ketoses),  l)at  ia 
most  cases  we  have  stereo-isomerism  due  to  the  presence  of  asymmetric 
carbon  atoms. 

The  monosaccharides  are  converted  into  the  corresponding  alcohols  by 
nascent  hydrogen.  Thus  arabinose,  which  is  a  pentose^  CJI^^O,,  is 
transformed  into  the  pentatomic  alcohol,  arabit,  C\II,^0;.  The  three 
hexoses,  glucose,  levulose,  and  galactose,  C,H,,0„  are  transformed 
into  the  corresponding  three  hexites,  sorbite,  mannite,  and  dulcite, 
CJI„0,,  In  these  rednctioos  a  second  ieomeric  alcohol  is  also  obtained  as 
in  the  redaction  of  levulose  besides  mannite  also  sorbite.  Inversely,  ilie 
corresponding  sugars  may  be  prepared  from  polyhjdric  alcohols  by  careful 
oxidation. 

Similar  to  the  ordinary  aldehydes  and  ketones  the  sugars  may  be  made 
to  take  np  hydrocyanic  acid.  Cyanhydrines  are  thus  formed.  These 
addition  products  are  of  special  interest  in  that  they  make  the  artificial 
preparation  possible  of  sugars  rich  in  carbon  from  sugars  poor  in  carbon. 

As  example,  if  we  start  from  clucose  we  Qbtain  glucocyiinlijdrin  on  the  addition  of  hy* 
drocyanicttcul:  CHa(0HUCH(0IIi],.COH  +  HCN=Cn,(afI).[CH(0n)]i.cntOH),CN. 
On  ihe^apouiticAtion  of  glucoc)*auljvcIriii  tlie  r  <»rr**sp<"Mlirig:r>\yHci<l  is  fnrm<-'d:  Cn,[OH). 
[C0iOlld*.CHlOH).CN  +  3H,0  ^  Cn,(OU).[Cil-On^]»:t:HiOIJ)  COOH  +  NHi.  By 
the  uclion  of  uugceut  bydrogeu  on  the  lactooe  uf  tiiia  utid  wc  ublaiu  glucoheiJtose, 

The  monosaccharides  give  the  corresponding  oximes  with  hydroxy  lam  in; 
thus  glucose  yields  glucoaoxime,  0H,(0H).[CH(0I1)],.CII  :  X.OH.  These 
comhinations  are  of  importance  on  account  of  the  fact,  as  found  by 
"WoiiL**  that  they  are  the  starting-point  in  the  building  np  of  Tarieties  of 
sugars,  namely,  the  preparation  of  sugars  poor  in  carbon  from  those  rich  in 
carbon. 

The  monosaccharides  are  strong  reducing  bodies,  similar  to  tlie  alde- 
hydes. They  reduce  metallic  silver  from  ammoniacal  silver  solutions,  and 
also  several  metallic  oxides,  such  as  copper,  biemuthj  and  mercury  oxides, 
on  warming  their  alkaline  solutions.  This  property  is  of  tlie  greatest 
importance  in  their  detection  and  quantitative  estimation. 

The  behavior  of  the  sugars  to  phenylhydrazin  acetate  is  of  special 
importance.  Their  watery  solutions  first  yield  hydka^ones  with  phenyl- 
hydrazin acetate,  and  then  os  A  zones  on  lengthy  warming  in  the  wuter- 
bath.     The  reaction  takes  place  as  follows: 

(di  CH.(OH)  [CH(OH)],XHfOn).CHO-f-  HiN.Nli.CJJ* 

=  CH3(OH).[CmOH)],X'H(OH)CH  :  N.NH.C.H,  +  H.O. 
P  li  en  y  1  gl  11  coshy  d  m  zon 
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(h)  CH,(OH)[CH(OH)],.CH(OH).CH  :  N.NH.CH.  -f-  H,N.NH.C*H. 
=  CH,(OH).[CH(OH)],.C  .  CH  :  N.NH.C.H. 

N.NH.C.H.-f  H,0-f  H,. 
PbenylglucoBazon 

The  hydrogen  is  not  evolved,  but  acts  on  a  second  molecule  of  pbenylhjdrazin  and 
splits  it  into  anilin  and  ammonia  : 

H,N.NH.C.H.  -f  H,  =  H,N.C,H.  4-  NH,. 

The  osazones  are  yellow  crystalline  combinations,  which  differ  from 
«ach  other  in  melting-point,  solability,  and  optical  properties,  and  hence 
have  received  great  importance  in  the  characterization  of  certain  sugars. 
They  have  also  become  of  extraordinarily  great  importance  in  the  stndy  of 
the  carbohydrates  for  other  reasons.  Thus  they  are  a  very  good  means  of 
precipitating  sugars  from  solution  in  which  they  occur  mixed  with  other 
bodies,  and  they  are  of  the  greatest  importance  in  the  artificial  preparation 
of  sugars. 

On  cleavage,  by  the  short  action  of  gentle  heat  and  fuming  hydrochloric 
acid,  the  osazones  yield  phenylhydrazin  hydrochloride  and  so-called  osoxes, 
bodies  which  are  ketoaldehydes: 

CH,(OH).[CH(OH)]..C.CH:N.NH.C,H. 

N.NH.C.H.        +  2H,0  +  2HC1 
=  2C,H..NH.NU,.HC1  +  CH,(OH).[CH(OH)],.CO.CHO. 

Osone 

The  ketoses  are  obtained  from  the  osones  by  reduction  with  zinc  dast 
and  acetic  acid: 

CH,(OH).[CH(OH)].CO.CHO  +  2H 

=  CH,(OH).[CH(OH)]..CO.CH,(OH). 
t 
If  we  start  with  an  aldose,  wo  do  not  get  the  same  sugar  back  again,  but 

an  isomere  ketose,  and  in  this  way  we  can  convert  glucose  into  IcTulose. 

We  can  also  pass  from  the   osazones  to    the  corresponding    sugars 

(ketoses)  in  other  ways,  namely,  by  direct  reduction  of  the  osazones  with 

acetic  acid  and  zinc  dust.     The  corresponding  osamin  is  first  formed,  and 

then  on  treating  with  nitrous  acid  a  ketose  is  obtained : 

CH,(OH).[CH(OH)],.C.CH  :  N.NH.C.H. 

N.NH.C.H.  +  n,0  +  4H  = 

Phenylglucosazon 

CH,(On).[CH(OH)],.CO.0H,(NH,)  +  0,H..NH.NH.  +  C.H..NH. 

IsoglucosamiD 

and 

CH,(OH).[CH(OH)]..CO.CH,(NH,)  +  HNO, 

=  CH,(OH).[CH(OH)]..CO.CH,(OH)  +  N.  +  H.O. 

Levuloce 
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From  what  lias  been  stated  we  see  that  there  are  various  waya  of  prepar- 
ing BQgara  artificially.  They  may  be  prepared  (1)  by  the  carefnl  oxiJatioii 
of  the  polyhydric  alcohols;  (2)  reduction  of  the  corresponding  monobasio 
oxyacids;  (3)  splitting  of  the  osazone  with  hydrochloric  acid  and  a  reduction 
of  the  oeone;  (4)  direct  reduction  of  the  osazone  and  treating  the  osamin 
with  nitrous  acid;  (o)  syntheses  from  combmatioiia  poor  in  carbon  (see 
sjmtheses  of  the  hexoses). 

Tbe  isoglucosiimiu  prepared  in  tlie  above  mQTJiitT  from  plienylglucosazon  is  isomeric 
witlj  auother  glucosaruio,  whlcli  may  be  obtiiloed  by  tbe  cleavnce  of  cbitiii  (see  (Jliapler 
XVI)  with  by*lrocbloric  acid.  Bath  glucosimiiBs  give  ciysralline  miu  nnd  Luve  re- 
ducing iKTilous.  Tlie  glucosainiu  (from  (  biliu)  gives  u  dei£lro-rolAU»ry,  hop  fermentablo 
vuipr  wirh  nitroua  acid,  while  isoglucosaniin  gives  levrilose^  E.  Fib€I?er  is  of  the 
opiDion  thai  glijC4>SAmiii  is  derived  from  dextrose,  and  isoglucosamiLi  from  levuIotK;. 

Muny  varieties  of  stjgnr  form  crysiidUtie  combiuartons,  wlu'eb  may  be  considered  iib 
oaatnins,  ^iib  uTnmonia,  wbeti  tbt-y  are  dissolved  in  amnioDinrMi  iiielbyl  alcohol  (Lotiry 
nm  BatiYji).^  They  give  uq  saitii  wiib  acids,  and  differ  from  liie  olheV  kuowu  isomeric 
oeamina  iti  this  respect. 

As  shown  by  E.  Fiscoer  iind  liis  pupils '  the  aJiioeefi  (alao  pentoses),  aa 
well  as  ketoses,  may  enter  into  an  ethereal  combination  with  alcohols  in  the 
presence  of  hydrochloric  acid.  These  combinations  are  called  glucosides. 
Snch  glucosides  have  not  only  been  obtained  vTith  aliphatic  alcohols,  but  also 
with  benzyl  alcohol,  polyvalent  phenols,  and  oxyacids.  The  more  compli- 
cated carbohydrates  may,  according  to  Fischer,  be  considered  as  glucosides 
of  the  sugar.  Thus  maltose  is  the  glncoside  and  lactose  the  galactoaide  of 
grape-sugar. 

By  the  action  of  alkalies,  even  in  small  amounts,  m  also  of  alkaline  earths 
and  lead  hj^droride,  a  reciprocal  transformation  of  the  sugars,  sach  as 
glacose,  levnlose,  and  mannose,  may  take  place  (Lobry  de  Bruyn  and 
Albebda  tak  Ekenstein).' 

Two  other  sugars,  nniong  ibem  two  ketones,  are  produced  by  tbe  action  of  potasb  or 
loda  ou  Kocb  of  the  three  sugars,  glucose,  levidose^  mid  galaciofle.  For  emmple,  from 
glucose  two  ketoscs,  levulose  aud  pseudolevulose.  are  produced,  al&o  tuaunose  and  a  uon- 
fenitetiUible  siiiiar,  glutose.  From  galactose  are  formed  talose  and  guUose,  besides  two 
ket43tei,  tiigatose  a&d  pseudotugntose. 

The  monosaccharides  are  colorless  and  odorless  bodies,  neotral  in  reac- 
tion, with  a  sweet  taste,  readily  soluble  in  water,  generally  soloble  with 
difticnlty  in  absolate  alcohol,  and  insoluble  in  ether,  and  some  of  which 
crystallize  well  in  the  pore  state.  They  are  optically  active,  some  liievo- 
roUtory  and  others  dextro-rotatory;  but  there  are  also  optically  inactive 
modifications  (racemic),  which  are  formed  from  two  optically  opposed  com- 
ponenta. 


»  Ber.  il  deutsch,  cbem.  Gcscllscb,,  Bd.  28»  8.  8062,  and  Chem,  Ceutralbl.,  1896, 
Bd.  2. 

«  Ber.  il.  deatscli.  cbem,  Gesellacb.,  Bdd.  20.  27,  28* 

*  Ber.  d,  deutsch.  cbem.  GeBellsclu,  Bd.  28,  S.  3078  ;  Bull  soc,  cbim,  de  Paria  (3), 
Tome  15  :  Chem.  CentralbL,  1896.  2,  and  1897.  2* 
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We  designate  the  optical  activity  of  the  carbohydrates  with  the  letter  1- 
for  laevogyrate,  d-  for  dextrogyrate,  and  i-  for  inactive.  These  are  only 
partly  usefal.  Thas  dextro-rotatory  glucose  is  designated  d-glacose,  laevo- 
rotatory  1-glacose,  and  the  inactive  i-glucose.  Emil  Fischek  has  used  these 
signs  in  another  sense.  He  designates  by  these  signs  the  homogeneoasness 
of  the  various  kinds  of  sugars  instead  of  their  optical  activity.  For  exam- 
ple, he  does  not  designate  the  laBvo-rotatory  levulose  1-levulose,  but 
d-levulose,  showmg  its  close  relation  to  dextro-rotatory  d-glucose.  This 
designation  is  generally  accepted,  and  the  above-mentioned  signs  only  show 
the  optical  properties  in  a  few  cases. 

Specific  rotation  means  the  rotation  in  degrees  produced  by  1  ^m.  substance  dissolved 
in  1  CO.  liquid  placed  in  a  tube  1  d.cm.  long.  The  reading  is  ordinarily  made  at 
-f  20°  C.  and  with  a  homogeneous  sodium  light.  The  sp.  rotation  with  this  light  is  repre- 
sented by  a(D),  and  is  expressed  by  the  following  formula  :  a(D)  =  ±  — -  ,  in  which  a 

represents  the  reading  of  degrees,  1  the  length  of  the  tube  in  decimetres,  and  p  the  weight 
of  substance  in  1  cc.  of  the  liquid.  Inversely  the  per  cent  P  of  substance  can  be  calcu- 
lated, when  the  specific  rotation  is  known,  by  the  formula  P  =  — r- ,  in  which  $  repre- 
sents the  known  specific  rotation. 

A  freshly  prepared  sugar  solution  often  shows  another  rotation  from  when  it  is  allowed 
to  stand  for  sometime.  Ifthe  rotation  gradually  diminishes,  this  is  called  birotation,  while 
a  gradual  increase  in  the  rotation  is  called  half-rotation.  The  birotation  and  half-rota- 
tion may  be  immediately  abolished  by  the  addition  of  very  little  ammonia  (1  p.  m.). 
C.  ScHULTZE  and  Tollens.* 

The  change  in  the  rotation  constant  nnd  the  dependence  of  this  upon  the  concentra- 
tion and  temperature  of  the  solution  depends,  according  to  Tanret*  upon  the  fact  that 
there  exist  three  different  modifications  of  each  sugar  (that  has  been  examined),  each  of 
which  with  equal  molecular  size  has  its  own  rotation  property  and  its  own  solubility  and 
can  be  converted  into  other  modifications. 

Many  monosaccharides,  but  not  all,  ferment  with  yeast,  and  it  has  been 
shown  that  only  those  varieties  of  sugar  containing  3,  6,  or  9  atoms  of 
carbon  in  the  molecule  are  fermentable  with  yeast.  Still  amongst  the 
hexoses  we  find  exceptions,  namely,  a  few  artificially  prepared  hexoses  do 
not  ferment  with  yeast.  Various  kinds  of  schizomycetes  cause  a  different 
fermentation,  such  as  lactic  and  butyric  acid  fermentation  and  mucilaginous 
fermentation. 

E.  Fischer"  has  shown  that  the  restricted  action  of  yeast  on  only 
certain  varieties  of  sugar  is  very  probably  in  close  connection  with  the 
stereometric  configuration  of  the  sugars.  The  active  protein  substances  of 
the  yeast,  which  are  asymmetrically  built,  only  act  on  those  varieties  of  sugar 
whose  geometric  structure  is  similar  to,  or  at  least  not  very  different  from, 
the  ferment.  The  same  is  true  also  for  the  action  of  inverting  enzymes  on 
polysaccharides  and  glacosides. 

'  Aunal.  d.  Chem.  u.  Pharm.,  Bd.  271- 

5  Compt.  rend.,  Tomes  120  and  122  ;  Bull.  soc.  chim.  (3),  Tomes  18  and  15. 

*  Ber.  d.  dcuisch.  chem.  Gesellsch.,  Bd.  27.  The  behavior  of  various  sugars  with 
pure  yeast  and  the  conditions  for  their  fermentation  has  been  studied  by  K  Fischer  and 
H.  Thierf elder,  ibid.,  Bdd.  27  and  28. 
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The  simple  varieties  of  eiigar  occur  in  part  in  nature  as  snch  already 
formed,  which  is  the  case  witli  both  of  the  very  important  sngars,  grape- 
sngar  and  levnlose*  They  also  occur  in  great  abundance  in  nature  as  more 
complex  carl>ohydrates  (di-  and  polyaaccbarides);  also  as  ester  combinationa 
with  different  snbstancee,  as  so-called  glucoeides* 
■  Among  the  groups  of  monosacciiarides  known  at  the  present  tinje,  those 

^  containing  less  than  five  and  more  than  six  carbon  atonia  in  the  molecule 
have  no  great  importance  in  zoo-chemietry,  altbongh  they  are  of  high 
scientific  interest.  Of  the  other  two  grotips  tbe  hexoses  are  of  the  greatest 
iniportance,  because  in  the  past  only  those  carbohydrates  with  siz  carbon 

I  atoms  were  considered  as  true  carbohydrates.     As  the  pentoses  have  been 
the  eubject  of  zoo-chemical  investigations  of  late,  they  will  also  he  given  in 
short. 
Pentoses  (CJIi*0,). 
As  a  rule  the  pentoses  do  not  occur  as  such  in  nature,  hut  are  formed  in 
fbe  hydrolytic  splitting  of  sevend  more  complex  carbohydrates,  the  t^o-cidled 
pentosanes,  especially  on  boiling  gumts  with  dilute  niioeral  acids.    They  exist 
very  widely  distributed  in  the  plant  kingdom,  and  are  especially  of  great 
importance  in  the  building  up  of  certain  plant  coostituents.     They  have 
^^m     only  thus  far  been  found  in  exceptional  cases  in  animals.     Salkow&ki  and 
H   Jastrowitz  have  found  a  pentose  in  the  urine  of  a  person  addicted  to  the 
H    morphine  habit,  and  Salkowski  6nb6e<|Qently  found  it  in  two  similar  cases. 
^K   Small  quantities  of  pentoses  have  been  detected  in  many  cases  by  KOlz  and 
^P  VottKL'  in  the  urine  of  diabetics,  as  also  in  dogs  with  pancreas  diabetes  or 
phlorbizin  diabetes.     Pentose  also  has  been  found  by  the  author  amongst 

Pthe  cleavage  products  of  a  nucleoproteid  obtained  from  the  pancreas,  and 
seems  also,  according  to  the  observations  of  Blumenthal,'  to  be  a  constit- 
uent of  nucleoproteids  of  various  organs  Boch  as  the  tbynms,  thyroid,  brain, 
»  spleen,  and  liver. 
The  pentoses  seem  to  be  of  importance  as  food  for  herbivorous  animals. 
Salkowski  and  Chemer  '  have  shown  that  the  pentoses  xylose,  arabiuose, 
and  rhamnose  are  assimilated  by  rabbits  and  hens,  and  tliat  these  animals 
ntilize  the  pentoses,  and  even  form  glycogen  tfierefrom.  The  pentoses  seem 
to  be  absorbed  by  human  beings  and  to  be  utilized  in  part.  They  pass 
readily  into  the  urine.* 


»  Hnlkowftki  and  Jaslrowitz,  CentralbK  f.  d.  med.  Wiisenscb,,  IH92,  8.  837  Biid  593  ; 
gulknwski.   Berl.   kiln.    Wocheuscbn.   1895;    Killz  und   Vogcl,  Zeifsdn.   f.   Biologic. 

*  HjunmarBten,  ZeitBt-br.  f.  pbyslol.  Cbem.,  Dd,  19 ;  also  Salkowski,  Berl.  kliti. 
Wocbctifiihr,  1895;  Blumcnthftl,  Zeiischr.  f,  kliti.  Mc«l..Bd,  34, 

'  S«lkow&ki,  1.  c-  CeuiralbL  ;  Creroer.  Zdtscbr.  f.  Biologic'.  B<L  29. 

•^See  Eb«tein.  Virchow's  Arch.,  129  ;  Tollcns.  Ber.  d.  deutacb*  clicm.  desellach.^  Bd, 
29.  S.  1208;  Cremcr,  1.  c*;  LindcmiiDii  aod  Muy»  Dtjulscli.  Arcb.  t  kl!n.  Mtd.,  Bd.  50. 
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The  pentoses  are  non-fermentable,  redacing  aldoses.  On  heating  with 
salphuric  or  hydrochloric  acids  they  yield  furfurol,  but  no  lerulinic  acid. 
The  f urfarol  passing  over  on  distilling  with  hydrochloric  acid  may  not  only 
be  used  in  the  detection  (with  aniline  acetate  paper  which  is  colored  red 
with  furfurol),  but  also  in  the  quantitative  estimation  of  pentoses  (or 
pentosanes).  On  warming  with  hydrochloric  acid  containing  phloroglncin 
a  beautiful  red  solution  is  the  result,  and  this  solution  gives  a  sharply 
defined  absorption  band  on  the  right  of  the  sodium  line.  The  most 
important  pentoses  are  arabinose  and  xylose. 

Arabinose  (dextro-rotatory  arabinose,  pectin  sugar)  is  obtained  on  boil- 
ing gum  arabic  or  cherry-gum  with  2^  sulphuric  acid.  It  crystallizes,  has 
a  sweet  taste,  melts  at  about  IGO'',  and  is  strongly  dextro-rotatory  a(D)  = 
+  104-105°.  Its  osazon  melts  at  157-158°  C,  and  10  c.  c.  Fehlixg's 
solution  is  reduced  by  43  milligrams  arabinose.  The  artificially  prepared 
Ifievogyrate  arabinose  as  well  as  the  optically  inactive  arabinose  are  known. 

Xylose  (wood  sugar).     This  body  is  obtained  with  the  previous  stereo- 

isomeric  pentose  on  boiling  wood  gums  with  dilute  acids.     It  forms  crystals 

melting  at   153-154°  C,  which  are  very  soluble   in  water  but  diflicultly 

soluble  in  alcohol.     It  has  a  sweet  taste,  is  feebly  dextro-rotatory,  ar(D)  = 

-{■  18.1°,  and  gives  an  osazon  which  melts  at  159-160°  C.    • 

AmoDcst  the  peutoses  we  Imve  ribose,  obtained  ou  the  reduction  of  the  lactone  of 
ribonic  acid,  which  is  produced  from  arobonic  acid.  Rhamnose,  which  used  to  be  called 
isodulcite,  is  a  methylpentose,  CalliaOs,  and  is  obtained  from  different  glucosides 
(quercilin,  xanthorhamnin,  etc.). 

Hexoses  (G.n„0.). 

The  most  important  and  best-known  simple  sugars  belong  to  this  gronp^ 
and  the  remaining  bodies  considered  as  carbohydrates  (with  the  exception 
of  arabinose  and  inosite)  are  anhydrides  of  this  group.  Certain  hexoses, 
such  as  dextrose  and  levulose,  occur  in  nature  already  formed,  while  others 
are  produced  by  the  hydrolytic  splitting  of  other  more  complicated  carbo- 
hydrates or  glucosides.  Others,  such  as  mannose  or  galactose,  are  formed 
by  the  hydrolytic  cleavage  of  natural  products;  while  some,  on  the  contrary, 
such  as  gulose,  talose,  and  others,  are  obtained  only  by  artificial  means. 

All  hexoses,  as  also  their  anhydrides,  yield  levulinic  acid,  C,H,0„ 
besides  formic  acid  and  humus  substances,  on  boiling  with  dilate  mineral 
acids.  Some  of  the  hexoses  are  fermentable  with  yeast,  while  the  artificially 
prepared  hexoses  do  not,  or  at  least  only  with  great  difficulty  and  incom- 
pletely. 

Some  hexoses  are  aldoses,  while  others  are  ketoses.  Belonging  to  the 
first  group  we  have  manxose,  glucose,  gulose,  galactose,  and  talose, 
and  to  the  other  levulose,  and  possibly  also  sokbixose.  TVe  differentiate 
also  between  the  d,  1,  and  i  modifications,  for  instance,  d-,  1-,  and 
i-glucose ;  hence  the  number  of  isomers  is  very  great. 
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The  most  important  syntheses  of  the  carbohydratea  have  been  made  by 
E.  Fischer  and  bis  pupils  chiefly  within  the  members  of  the  hexoae  groap. 
A  short  sammary  of  the  synthesefi  of  hexoses  is  given  below. 

The  first  artificial  preparution  of  gliicu4ie  waa  made  by  Butlehow,  On  trcattog 
trioxymetbylen.  ii  polymer  of  formttldeliyde,  wiih  limt-waler  he  obtaiuetl  a  fuiutlj 
sweeiish  si'iup  called  methyknitnn.  LoEw  '  hiler  obiiiiued  »  mixture  of  Btjveral  sugars* 
fnun  n  hl<"h  h(^  isolated  a  fermeiitalile  sugur,  called  methoHt ,  by  coudiasiiiion  of 
fut  niuldeliyde  in  the  x*resence  of  bajies.  The  most  important  uud  compieheiisive  syn- 
theses of  sugar  have  been  pieformed  by  E,  FiftcnER.* 

The  starting  point  of  these  syntheses  is  atia'08i\  which  occuib  bs  u  condensation  protl- 
\\c\  of  fornialiiehyiJe,  The  name  <i-iicrose  has  hktvn  given  lo  this  body  because  it  it 
obtained  fmm  uirolein  Ijroniide  l»y  tht?  action  of  baaei  tFiscHXit),  It  is  also  obtained 
ftd mixed  wiih  /H-it^rose  on  the  oxidation  of  giyceiiu  wiih  bromine  in  the  presence  of 
8f>djum  cjirl>onjue,  and  treating  the  restilting  mixttrre  with  alkali  On  the  oxidation  with 
bromine  a  mixtnre  of  glycerin  aldehyde,  CH»OH.C'H(OH),CHO  and  dioxyaceU»tieg 
CHi{OHi,CO.Cn,OH,  is  *»btalucd.  These  two  liodlea  may  be  considered  as  true  sugar- 
glyctrnses  or  trioses.  It  seems  as  if  a  condensation  to  hcxoses  takes  place  on  Ireatment 
with  alkalies. 

a  aci'ose  may  be  isolated  from  the  above  mixture  and  obtained  pure  by  first  convert- 
iuj7  it  Into  its  0!<azoa  and  then  relrunsfonjiing  this  into  tlie  sunar  «  acrose  is  identical 
with  i-levidose.  With  yeast  one  half,  the  hevogyrale  d-Ievulose  ferraeiits,  while  the  dex- 
tro^^'vrate  l-levulose  remalua.     The  i-  and  1  levufose  may  be  prepared  in  this  way. 

On  the  reiluction  of  «-acrose  we  obtain  a  acrlt,  which  is  i<ien Ileal  with  l-manDlte. 
<>n  oxiduliOQ  of  i-mannite  we  obtain  i -muunose,  from  which  only  Iniannose  n-mains  ou 
ffnneutuliou.  On  further  oxidation  of  i-munnose  il  yields  i-munuonic  udd.  *l'he  (wo 
active  mannonic  adda  may  be  sejiarated  from  each  other  by  the  frnctional  cryiilaHixatioii 
of  their  strychnin  or  morphin  salts.  The  two  corresponding  maunosc^  may  be  obtained 
from  these  tuo  aci«ls,  d-  and  l-mannonic  acids,  by  reduction, 

dlevulose  is  oblaioed  from  d-raannose  by  the  method  given  on  pap'e  74.  tjsing  the 

oaazon  fis  an  intermediate  step.     The  d-  and  l-mannouic  acids  are  partly  converted  into 

>  d-  and  l-glucouic  acid  on  heating  with  chinoliu,  aud  d-  «>r  1-glucose  la  obtained  on  the 

lieduction  of  these  acids.     1 -glucose  is  best  prepared   from  UnraI>inose  by  mcann  of  the 

cyanhydrin  reaction,  Ui*iDg  l-glnconic  acid  as  the  internieiliaie  step.      The  cumbinatiou 

of  1-  and  d-gluconic  add,  forming  i-gluconlc  acid*  yield.s  i  glucose  on  reduclinn. 

The  artificial  preparation  of  sugars  by  means  of  condensation  of  formaldehyde  has 
received  special  in  le  rest  because,  accortliugto  Baeyer's  asslmiialton  liypolhchisof  plants, 
formaldehyde  is  first  formed  by  the  reduction  of  carliou  dioxide,  and  the  sugars  are  pro- 
duced by  the  condensation  of  this  formaldehyde.  Hokounv  *  has  shown,  by  special  ex- 
periments on  algie  Spirogyra,  that  formaldehyde  sodium  sulphite  was  split  by  the  living 
idgie  cells.  The  formaldehyde  »el  free  is  immediately  condensed  to  carbtthydrate  and 
precipitated  as  litarch. 

Among  the  hexoses  known  at  the  present  time  only  dextrose,  levalose, 
and  galactose  are  really  of  physiological  cliemical  interest;  therefore  the 
other  hexoees  will  only  be  incidentally  mentioned. 

Dextrofte  (d-glncoae),  glycose,  grape-sugar,  and  iuabetic  scgab, 
occurs  abttndantly  in  the  grape,  and  also,  often  accompanied  with  levnloso 
(d-frttctose),  in  honey,  sweet  fruits,  seeds,  roots,  etc.  It  occnrs  in  the 
inteetinal  tract  daring  digestion,  also  in  small  quantities  in  the  blood  and 
lympjt,  and  aa  traces  in  other  animal  Unids  and  tissues.  It  only  occurs  aa 
traces  in  urine  under  normal  conditions,  while  in  diabetes  the  quantity  is 
very  large.     It  is  formed  in  the  hydrolytic  cleavage  of  starch,  dextrin,  and 

*  Butlerow,  Arm.  d.  Chem,  u.  Fharm.,  B.  120;  Compt.  rend.,  58;  O,  Loew,  Jouni* 
f.  prakt.  Chcm    (N.  F),  Bd.  33,  and  Ber.  d.  deulsch.  chem.  GeftellscJi.,  Bdd.  20»  21,  28, 

•  Ber.  d.  deutsch,  chum.  Gesellsch.,  Bd,  21,  and  1.  c,  page  72,  this  book. 
*Blolog.  Centralbl..  Bd.  12.  6.  821  and  461. 
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other  compound  carbohydrates,  as  also  iu  the  splitting  of  glucosides.  That 
dextrose  can  be  formed  from  proteids  in  the  animal  body  follows  from 
several  observations  and  especially  by  the  experience  in  severe  forms  of 
diabetes. 

Properties  of  Dextrose,  Dextrose  crystallizes  sometimes  with  1  mol. 
water  of  crystallization  in  warty  masses  or  small  leaves  or  plates,  and  some- 
times when  free  from  water  in  needles.  The  sugar  containing  water  of 
crystallization  melts  even  below  100^  G.  and  loses  its  water  of  crystallization 
at  llO**  0.  The  anhydrous  sugar  melts  at  146°  C,  and  is  converted  into 
glucosan,  C,H,^0„  at  170**  C.  with  the  elimination  of  water.  On  strongly 
heating  it  is  converted  into  caramel  and  then  decomposed. 

Grape-sugar  is  readily  soluble  in  water.  This  solution,  which  is  not  as 
sweet  as  a  cane-sugar  solution  of  the  same  strength,  is  dextrogyrate  and 
shows  strong  birotation.  The  specific  rotation  is  somewhat  dependent  upon 
concentration  of  the  solution,  but  the  specific  rotation  of  a  watery  solution 
of  1-15^  anhydrous  dextrose  at  +  20°  C.  may  be  considered  as  +  52°.  6. 
Dextrose  dissolves  sparingly  in  cold,  but  more  freely  in  boiling  alcohol. 
100  parts  alcohol  of  sp.gr.  0.837  dissolves  1.95  parts  anhydro&s  glucose  at 
+  17°.  5C.  and  27.7  parts  at  the  boiling  temperature  (Anthon  *).  Glucose 
id  iusoluble  in  ether. 

Iu  regard  to  the  modifications  of  dextrose,  their  solubilities  and  specific  rotation,  see 
Tanret  (1.  c.) 

If  an  alcoholic  caustic-alkali  solution  is  added  to  an  alcoholic  solution  of 
glucose,  an  amorphous  precipitate  of  insoluble  alkali  compound  is  formed. 
On  warming  this  compound  it  decomposes  easily  with  the  formation  of  a 
yellow  or  brownish  color,  which  is  the  basis  of  Moore's  test.  Dextrose 
forms  also  compounds  with  lime  and  baryta. 

Moore's  Test.  If  a  glucose  solution  is  treated  with  about  i  of  its 
volume  of  caustic  potash  or  soda  and  warmed,  the  solution  becomes  first 
yellow,  then  orange,  yellowish  brown,  and  lastly  dark  brown.  It  has  at  the 
same  time  a  faint  odor  of  caramel,  and  this  odor  is  more  prpnounced  on 
acidification." 

Glucose  forms  many  crystallizable  combinations  with  NaCl,  of  which 
the  easiest  to  obtain*is  (C,H,,0,),.NaCl  +  H,0,  which  forms  large  colorless 
six-sided  double  pyramids  or  rhomboids  with  13.40^  XaCl. 

Glucose  in  neutral  or  very  faintly  acid  (by  an  organic  acid)  solution 
passes  into  alcoholic  fermentation  with  beer-yeast,  C,H„0,  =  2C,H,.0II 
+  200,.  Besides  the  alcohol  and  carbon  dioxide  there  are  formed,  espe- 
cially  at   higher   temperatures,   small   quantities   of  homologous  alcohols 

'  Cited  from  Tollens'  Handbuch. 

•  In  regard  to  the  products  formed  in  this  reaction,  see  Framm,  PflOger's  Arch.,  B«I. 
Ci,  and  especially  Qaud,  Compt.  rend.,  Tome  119. 
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(amTl-alcobol),  glycerin,  and  snccinic  acid.  In  the  presence  of  acid  milk 
or  cbetese  the  grape-sugar  passes,  especiaUj  in  the  presence  of  a  base  sticU 
as  ZnOt  or  CaCO, ,  into  lactic-acid  fermentation.  The  lactic  acid  may  then 
farther  pass   into  butyric-acid   fermentation:    vC,II,U,  =r  C,H,0,  +  2C0, 

Grape-sugar  reduces  several  metallic  oxides,  such  as  copper  oxide 
bUmnth  oxide,  mercuric  oxide,  in  alkaline  sohitione,  and  the  most  impor- 
tant reactions  for  sugar  are  based  on  this  fact. 

Tbommer\s  test  is  based  on  the  property  that  glucose  possesues  of 
re^lnci Dg  copper-bydrated  oxide  in  alkaline  solution  into  snboxide,  Treit 
Ihe  glucose  solution  with  about  \-^  vol.  caustie  scda  and  then*  carefully  add 
a  dilute  copper-sulphate  solution.  The  copper-hydra  ted  oxide  is  thereby 
dihfiokcd,  forming  a  beautiful  blue  solution,  and  the  addition  of  copper 
sulphate  is  continued  until  a  very  small  amount  of  hydrate  remains  uudia- 
solved  in  the  liquid.  This  is  now  warmed  and  a  yellow  hydrated  suboxide 
or  red  suboxide  separates  even  below  the  boiling-point.  If  too  little  copper 
ialt  has  been  added,  the  test  will  be  yellowish  brown  in  color  as  in  1Ioore*8 
test;  bnt  if  an  excess  of  copper  salt  has  been  adtletU  the  excess  of  hydrate  is 
concerted  on  boiling  into  a  dark-brown  hydrate  whicii  interferes  with  the 
t€S^.  To  prevent  these  difficulties  the  so-called  Fehlikg's  solution  may  be 
employed.  This  reagent  is  obtained  by  mixing  before  use  equal  voltimes  of 
aa  alkaline  solution  of  Rochelle  salt  and  a  copper-sulphate  soliUiou  (see 
QaaDtitative  Estimation  of  Sugar  in  the  Urine  in  regard  to  concentration). 
This  solution  is  not  reduced  or  noticeably  changed  by  boiling.  The  tartrate 
holdd  the  excess  of  copper  oxy hydrate  in  solution,  and  an  excess  of  the 
reagent  does  not  interfere  in  the  performance  of  the  test.  In  the  presence 
of  sugar  this  solution  is  rednced. 

BoTTiiEH-ALMEX's  iest  16  based  on  the  property  glucose  possesses  of 
reducing  bismuth  oxide  in  alkaline  solution.  The  reagent  best  adapted  for 
this  purpose  is  obtained,  according  to  Nylanijeii's^  modification  of 
Almex*s  original  test,  by  dissolving  4  grms.  liochelle  salt  in  100  parts  10^ 
canstic-soda  solution  and  adding  2  grms.  bismuth  snbnitrate  and  digesting 
on  the  water*bath  until  as  nmch  of  tlie  bismuth  salt  is  disaolved  as  possible. 
If  a  glucose  solution  is  treated  with  about  y^^  vol.,  or  with  a  larger  quantity 
of  the  solution  when  large  quantities  of  sugar  are  present,  and  boiled  for  a 
few  minutes,  the  solution  becomes  first  yellow,  then  yellowish  brown,  and 
lastly  nearly  black,  and  after  a  time  a  black  deposit  of  bismuth  (?)  settles. 

The  property  of  dextrose  of  reducing  an  alkaline  solution  of  mercury  on 
boiling  is  the  basis  of  Knapp's  reaction  with  alkaline  mercuric  cyanide  and 
of  Sacusse's  reaction  with  an  alkaline  potassium-mercuric  iodide  solution. 

On  heating  with  pnENYLiiYDRAZiN  acetate  a  dextroee  solution  gives  a 
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!  .-e:T>.i:e  c:n5:5::r.r  of  fne  je'lox  crrstalliLe  needles  which  are  nearly 
:•.=  -! ilie  ;l  -srar^r  :.r.:  •c.-r/.e  :l  bol'.icg  alcohol,  and  which  separate  again 
o:.  ::^^^lr*g  ;L€  &l£;>Lolk:  *;>^udoii  with  water.     The  crystaHine  precfptal 
e  Liziiii  of  pkrAfl§lu€mmmm^     Thla  oomponiid  melu  when  pure  at  204 

Criiieoee  is  not  pmifpltated  br  a  lead^aeelale  soln^'on,  but  is 
eooipletelj  precipitated  bj  ao  aimmoiuacal  basie  lead-acetate  Bolntion, 
warming    the    precipitate    beoainea    fiedi^oolor    or    rose-r&d    (H[:b>^s*^ 

If  a  wmterj  aolntton  of  gr^pe-sngmr  is  treated  with  BEKzOTL-cuLOBipi 
and  an  exoen  of  canstie  eoda,  and  tbakeD  imt3  the  odor  ef  betLsoylchlorid 
haa  disappear«id,  a  ptodpitale  of  beoHiio^cid  ester  of  glaeoee  wUl  be  pr 
dnced,  which  is  inaolitbfe  in  water  or  albll  (BArMA^or*). 

If  1-1  cc  of  a  dilnte  wmterr  eolation  of  glncoie  is  treated  with  a  few 

dropi  of  a  15<  aloohoHc  eolotioo  of  a-nap^hd^  the  Uqmil  is  colored  a 

beftntifnl  riolet  on   the  additioo  of  1-^  ac  ootLcseattaled  salphoric  sdil 

(HouscH  *).     Tliia  naction  dependi  on  the  formation  of  fnrftifol  from  ihe 

sngar  bj  the  actioii  of  the  iulpbnric  aeid. 

DiAXOii£2ezot**srxj>^o?fic  a€II>  ffv^ft  wrtli  a  dextrane  aalutioo  mzuV  »Qiiitlu«  \ 
fixed  &I  kali  %  red  color,  after  10-4fi  laluiiies  gtidiuiJl j  cl«»f?(i  '  :^f| 

FHENIX-PKOFIOLIC  l€fD  Tlddt  IfldigO  wlieB  MM  wll!i  A  CIj 

mdiitai  carboaate,  and  tliii  b  ooBTeried  iato  {iMl|gii:^wblr«  \\y 

alkalkie  eoliiHon  of  fnpe>«ug»T  ft  ooloped  deiii  red  oti  bdrtif  ^m^^ii^A  witii  i%  <) ituitj 

tJOli  of  nc  HIC  ACID, 

A  more  complete  description  as  to  the  poifotisaoee  of  UfOM  Bercnl  j 
will  be  giren  in  detail  fn  a  sxibaaqnetit  ekaptef  (on  the  urine)* 

Dextroae  ta  prepared  pniv  bj  innifttcig  rau>i>*#ngar  bj  t' 
Bimple    nbethod    of    Soxhlit    and    Tollcss^   beinff   a    ror^^Ju  i 
ScMH  AHz's  *  method : 

Treat  \t  litres  fMljt  aleobnt  with  WO  clo.  fnining  brdntchbrir 
warm  to  45-50'*  C;  in^liially  wW  4  kifoa  powdansd  caoe-fiigar, 
to  cool  after  )^  bonrs,  when  all  the  tngrar  rill  banj  diiwlf*' 
inrerted.     To  !ncit<*  trTfttullixutioa,  Mitrje  crrital?  "^  .infT'lmur 
addedf  and  nftrr  ^reral  days  tbo  cryaiuif  s*!^   «  ^' 

wsiahed  with  li."^'    ►    ^' •  li  tl   t.-*   ^. »!••»♦.•   ►.      . 
from  (ih^bol  or  i       '  v   m  .^Lvu     -•»- 
the  ^iigar  in  one  ba)!  its 
donble  this  ¥dlcimii  of  < 

In  di)teciing  da 
moke  n§e  &f  tiie  ^N 
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pawct.  of  CheiTu  Soc,  1898. 
tolleur  HfLiHlliuch  dir  Koblehydr&te,  2  Aafl..  S.  134. 
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Galactose  (not  to  be  mistaken  for  lactose  or  milk-SDgar)  is  obtained  on 
the  lijdrolytic  cleavage  of  milk-sagar  and  by  hydrolysis  of  many  other 
curboli  yd  rates,  especially  varieties  of  gams  and  slime  bodies.  It  is  also 
obtarned  on  heating  cerebrin,  a  nitrogenized  glucoside  prepared  from  the 
brain,  with  dilate  mineral  acids. 

It  crystallizes  in  needles  or  leaves,  which  melt  at  168**  C.  It  is  some- 
what less  soluble  than  dextrose  in  water.  It  is  dextrogyrate,  and  shows 
multirotation.  It  ferments  with  yeast,  although  slowly.  It  is  fermented 
by  a  large  number  of  varieties  of  yeast  (E.  Fischer  and  Thierfelder) 
but  not  by  saccharomyces  apiculatus,'  which  is  of  importance  in  physio- 
logical chemical  investigations.  Galactose  reduces  FEHLiNCt's  solution  to  a 
less  extent  than  dextrose,  and  10  c.c.  of  this  solution  are  reduced,  according 
to  SoxuLET,  by  0.0511  gm.  galactose  in  Ij^  solution.  Its  phenylosazon 
melts  at  103°  C,  and  is  soluble  with  difficulty  in  water,  but  relatively  easy 
in  hot  alcohol.  Its  solution  in  glacial  acetic  acid  is  optically  inactive. 
With  the  test  with  hydrochloric  acid  and  phloroglucin  galactose  gives  a 
color  similar  to  the  pentoses,  but  the  solution  does  not  give  the  absorption 
spectrum.  On  oxidation  it  first  yields  galactonic  acid  and  then  raucic  acid. 
Both  1-  and  i-galactose  have  been  artificially  prepared. 

Talose  is  a  sugar  which  is  artificially  prepared  by  the  reductiou  of  taloDic  acid. 
Talonic  acid  is  obtained  from  d-galaclonic  acid  bv  heating  it  with  chinolin  or  pyridin  lo 
140-1 50*  C. 

Disaccliaricles. 

Some  of  the  varieties  of  sugar  belonging  to  this  group  occur  ready 
formed  in  nature.  Thus  we  have  cane-sugar  and  milk-sagar.  Some,  on 
the  contrary,  such  as  maltose  and  isomaltose,  are  produced  by  the  partial 
hydrolytic  cleavage  of  complicated  carbohydrates.  Isomaltose  is  besides 
this  also  obtained  from  glucose  by  reversion  (see  below). 

The  disaccharides  or  hexobioses  are  to  be  considered  as  anhydrides, 
derived  from  two  monosaccharides  with  the  exit  of  1  mol.  water.  Corre- 
sponding to  this,  their  general  formula  is  C„H„0„.  On  hydrolytic 
cleavage,  on  the  addition  of  water,  they  yield  two  molecules  of  hexoses,  and 
indeed  either  two  molecules  of  the  same  hexose  or  two  different  hexoses. 
Thus: 

Cane-sugar  -f  H,0  =  glucose  -f  levulose; 

Maltose        -f  H,0  =  glucose  -f  glucose; 

Milk-sugar  -f  H^O  =  glucose  +  galactose. 

The  levulose  turns  the  polarized  ray  more  to  the  left  than  the  glacose 

does  to  the  right;  hence  the  mixture  of  hexoses  obtained  on  the  cleavage  of 

'cane-«ngar  has  an  opposite   rotation   to   the   cane-sugar   itself.     On    this 

account  the  mixture  is  called  invert  sugar,  and  the  hydrolytic  split-ting 

»  Sec  F.  Voit.  Zeitschr.  f.  Biologic,  Bdd.  28  and  29. 
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13  defiignated  as  inversion.  Thie  term  in  version  is  not  only  used  for  the 
splitting  of  cane-gGgar,  bat  ia  also  used  for  the  hjdrolytic  cleavage  of 
compound  gngara  into  moiiosaccliarides.  The  reverse  reaction,  whereby 
monoeaceharides  are  condensed  itito  complicated  carbohydrates,  is  called 
reverHoii.  A.  C.  Hill  *  has  shown  that  the  cleavage  of  maltose  by  the 
enzyn^e  maltaae  u  a  convertible  process  as  a  sugar  formation  of  maltose 
from  glncoae  takes  place. 

We  Bubdivide  the  disaccharidea  into  two  groups.  One,  to  which  cane- 
sugar  belongs,  where  the  members  have  not  tlie  property  of  reducing  certain 
metallic  oxides.  The  other  group,  on  the  contrary,  to  which  the  two 
maltoses  and  milk-sugar  belong,  the  members  act  like  monosaccharides  in 
regard  to  the  ordinary  reduction  tests.  The  members  of  this  last  group 
have  the  character  of  aldehyde-alcohols. 

Cane-sugar  or  Saccharose  occurs  extensively  distributed  in  the  plant 
kingdom.  It  occurs  to  greatest  extent  in  the  stalk  of  the  sn gar- millet  and 
sngar*cane,  the  roots  of  the  sugar-beet,  the  trunk  of  certain  varieties  of 
palms  and  maples,  in  carrots,  etc.  Cane-sugar  is  of  extraordinarily  great 
importance  as  a  foo«l  atid  condiment. 

Cane-sugar  forma  large^  colorless  monoclinic  crystals.  On  heating  it 
ttselts  in  the  neighborhood  of  100''  C,  and  on  heating  stronger  it  turns 
brown,  fonning  so-called  caramel.  It  dissolves  very  readily  in  water,  and 
accordiug  to  Sciieibleu'  100  parts  saturated  sugar  solution  contains  fit 
parts  sugar  at  %(f  C.  It  dissolves  with  diffienlty  in  strong  alcohol.  C'nne- 
ffogar  is  strongly  dextro-rotatory.  The  specific  rotation  is  only  slightly 
modified  by  concentration,  but  is  markedly  changed  by  the  presence  of 
other  inactive  substances.     The  specific  rotation  is  (a^)D=  +  ri«}**,5. 

Cane-sugar  acts  indifferently  towards  ^[ooiiE's  test  and  to  the  ordinary 
redaction  teste.  It  does  not  ferment  directly,  but  ferments  after  inversion, 
which  can  be  brought  about  by  an  enzym,  invertin,  contained  in  the  yeast. 
An  inversion  of  cane-sUgar  also  takes  place  in  the  iutestiua!  canah  Con- 
centrated sulphnric  acid  blackens  cane-sugar  very  (jnickly  even  at  the 
ordinary  temperature,  and  anhydrous  oxalic  acid  acts  the  same  on  warming 
on  the  water-bath.  Various  products  are  obtained  on  the  oxidation  of 
cane-sugar,  dependent  upon  the  variety  of  oxidizing  material  and  alao  upon 
the  intensity  of  the  action.  Saccharic  acid  and  oxalic  acid  are  the  most 
importani  products. 

The  reader  is  referred  to  complete  text-books  on  chemistry  for  the 
preparation  and  quantitative  estimation  of  cane-sugar. 

Maltose  (malt-sugah)  is  formed  in  the  hydrolytic  cleavage  of  etarch  by 
malt  diastase,  saliva,  and  pancreatic  juice.     It  is  obtained  from  glycogen 


»  Tmnsnct.  o!  Chein.  Soc,  1898. 

•  See  Tollcus*  Hmidbuch  dcr  KoUlehydrale,  2  Aufl.,  S.  134. 
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under  the  same  conditions  (see  Chapter  VIII).  Maltose  is  also  produced 
transitorily  in  the  action  of  salphnric  acid  on  starch.  Maltose  forms  the 
fermentable  sagar  of  the  potato  or  grain  mash,  and  also  of  the  beerwort. 
It  does  not  ferment  directly,  bnt  only  after  inversion,  and  this  is  brought 
about  by  a  special  invertin,  maltose^  occurring  in  the  yeast-cell. 

Maltose  crystallizes  with  1  mol.  water  of  crystallization  in  fine  white 
needles.  It  is  readily  soluble  in  water,  rather  easily  in  alcohol;  but  insolu- 
ble in  ether.  Its  solutions  are  dextro-rotatory,  and  show  birotation.  The 
specific  rotation  is  (a)D  =  +  137°.  Maltose  ferments  readily  and  com- 
pletely with  yeast,  and  acts  like  dextrose  in  regard  to  the  reduction  tests. 
It  yields  phenylmaltosazone  on  warming  with  phenylhydrazin  for  1^  hours. 
This  phenylmaltosazone  melts  at  206®  C.  and  is  more  soluble  than  the 
glucosazone.  Maltose  differs  from  dextrose  chiefly  in  the  following:  It  does 
not  dissolve  as  readily  in  alcohol,  has  a  stronger  dextro-rotatory  power,  has  a 
feebler  reducing  action  on  Fehling's  solution.  10  c.c.  Fehling's  solu- 
tion is,  according  to  Soxhlet,*  reduced  by  77.8  milligrams  anhydrous 
maltose  in  approximately  1^  solution. 

Isomaltose.  This  variety  of  sugar  is  produced,  as  has  been  shown  by 
Fischer,"  besides  dextrin-like  products,  by  the  action  of  fuming  hydrochloric 
acid  on  glucose.  It  is  also  formed,  besides  ordinary  maltose,  in  the  a<ition 
of  diastase  on  starch  paste,  and  occurs  in  beer  and  in  commercial  starch-sugar.* 
The  formation  of  isomaltose  in  the  hydrolysis  of  starch  by  malt  diastase  has 
been  denied  by  many  investigators  because  they  considered  isomaltose  as 
contaminated  maltose.*  It  is  also  produced,  with  maltose,  by  the  action  of 
saliva  or  pancreatic  juice  (Kulz  and  Vogel)  or  blood-serum  (Rohma^nn  ') 
on  starch. 

Isomaltose  dissolves  very  readily  in  water,  has  a  proAoanced  sweetish 
taste  and  does  not  ferment,  or,  according  to  some,  only  very  slowly.  It  is 
dextro-rotatory,  and  has  very  nearly  the  same  power  of  rotation  as  maltose. 
Isomaltose  is  characterized  by  its  osazone.  This  forms  fine  yellow  needles, 
which  begin  to  form  drops  at  140°  C.  and  melt  at  150-153°  C.  It  is 
rather  easily  soluble  in  hot  water  and  dissolves  in  hot  absolute  alcohol  much 
more  readily  than  the  maltosazon.  Isomaltose  reduces  copper  as  well  as 
bismuth  solutions. 


'  Cited  from  Tollens*  Handbuch  der  Kohlenbydrate,  2  Aufl.,  8.  154. 
.  •  Ber.  d.  deutsch.  chem.  Gesellsch..  Bdd.  28  and  28. 

»  See  Lintner  aud  Dull,  ibid.,  Bd.  26,  S.  2538 ;  Bcheibler  and  Mittelmeler.  ibid.,  Bd. 
24,  S.  301. 

*  Brown  and  Morris,  Journ.  of  Cbem.  Soc,  1895,  Chem.  News,  72 ;  see  also  Ost, 
Ulricb,  and  Jalowetz,  Ref.  in  Ber.  d.  deutecb.  cbem.  Gesellscb.,  Bd.  28,  S'  087-989; 
Ling  and  Baker,  Journ.  of  Cbem.  Soc,  1895. 

»  Kftlz  and  Vogel.  Zeitscbr.  f.  Biologic,  Bd.  81  ;  RObmann,  Centralbl.  f.  d.  med. 
Wissenscb..  1898.  S.  849. 
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Milk*8Tigar  (lactose).     As  this  sugar  oconrs  exclusively  in  the  animal 

rid,  in  the  milk  of  human  beings  and  animals,  it  will  be  treated  of  in  a 

lowing  chapter  (on  milk). 

Trehaloi©  is  a  hexoblose  found  in  fungi*  Melcbloit  Is  u  aaccbarose  obtained  wxih 
d-fructose  in  the  partial  bydrolytfc  cleavage  of  rafflno«a  (a  bexoiriose)  occuiring  in  beet* 
rout  molaasea.     Melebiose  splits  into  galactose  nod  gkicose. 

Polysaccharides* 

If  we  exclade  the  hexotriosea  and  the  few  reoiainiug  sQgar>like  poly- 
aaecharidea,  this  group  includefl  a  great  iinmher  of  very  complex  carbo- 
hydrates^ which  occnr  only  in  the  umarphous  condition  or  not  as  cryBtala  in 
the  ordinary  aense.  Unlike  the  bodies  belonging  to  the  otlier  groa])3, 
these  have  uo  sweet  taste.  Some  are  soluble  in  water,  while  others  swell 
up  therein,  especially  in  warm  water,  and  finally  are  neither  dissolved  nor 
Tisibly  changed.  Polysaccharides  are  ultimately  converted  into  monosac- 
charides by  hydrolytic  cleavage. 

The  polysaccharides  (not  sagar-like)  are  ordinarily  divided  into  the 
following  chief  groups:  starch  group^  gum  and  vegeiabh-mucilagB  groups 
and  cellulose  group. 

Starch  Group  {O.H,/),)x, 

Starch,  Amylum.  (CJij^OJx.  This  substance  oocnrs  in  the  plant 
kingdom  rerj  extensively  distributed  in  the  different  parts  of  the  plant, 
especially  as  reserve  food  in  the  seeds,  roots,  tobers,  and  trunk. 

Starch  is  a  white,  odorless,  and  tasteless  powder,  consisting  of  small 
grains,  which  have  a  stratified  strnctnre  and  different  shape  and  size  in 
different  plants.  According  to  the  ordinary  opinion  the  starch-grains  con- 
fitBt  of  two  different  substances,  staiicii  guan close  and  starco  cellu- 
LOSE,  of  which  the  first  only  goes  into  solution  on  treatment  with  diastatic 
enxymes. 

Starch  is  considered  insoluble  in  cold  water.  Tlie  grains  swell  up  in 
warm  water  and  borst,  yielding  a  paste.  Starch  is  insoluble  in  alcoliol  and 
ether*  On  heating  starch  with  water  alone,  or  heating  with  glycerin  to 
1^0"  C,  or  on  treating  the  starch-grains  with  ^3  parts  dilute  hydrochloric 
acid  of  sp.  gr.  1»06  at  ordinary  temperature  for  6  to  8  weeks,'  it  is  con- 
rerted  into  soluble  starch  (amylodextiun^  AMrnuuN).  Soluble  starch  is 
also  formed  as  an  in  termed  late  step  in  the  conversion  of  starch  into  sugar  by 
dilute  acids  or  diastatic  enzymes,  Soluble  starch  may  be  precipitated  from 
very  dilute  solutions  by  baryta-water.' 

Starch-granules  swell  up  and  form  a  pasty  mass  in  caustic  potash  or 


*  See  Toilens'  Hmidb.,  S.  191.     In  regard  in  otber  mt^tbtida,  sue  Wroblewski.  Ber.  d, 
deutfich.  cbem,  Gesellsdi.,  Bd.  liO;  Syufewski,  ibid. 

*  In  regard  to  the  combiuatious  of  soluble  starcb  aud  dextrins  wilb  btirium  bydratc. 
§ee  BQlow.  PHllger's  Arch.,  62. 


B8  THE  CARBOHYDRATES. 

Boda.  This  mass  gives  neither  Mooee's  nor  Teommer's  test.  Starch- 
paste  does  not  ferment  with  yeast.  The  most  characteristic  test  for  starch 
is  the  blae  coloration  produced  by  iodine  in  the  presence  of  hydroiodic  acid 
or  alkali  iodides.*  This  bine  coloration  disappears  on  the  addition  of 
alcohol  or  alkalies,  and  also  on  warming,  bat  reappears  again  on  cooling. 

On  boiling  with  dilate  acids  starch  is  converted  into  glncose.  In  the 
conversion  by  means  of  diastatic  enzymes  we  have  as  a  rule,  besides  dextrin, 
maltose,  and  isomaltose,  only  very  little  glucose.  We  are  considerably  in 
the  dark  as  to  the  kind  and  number  of  intermediate  products  produced  in 
this  process  (see  dextrins). 

Starch  may  be  detected  by  means  of  the  microscope  and  by  the  iodine 
reaction.  Starch  is  quantitatively  estimated,  according  to  Sachsse's 
method,'  by  converting  it  into  sugar  by  hydrochloric  acid  and  then  deter- 
mining the  sugar  by  the  ordinary  methods. 

Inulin,  (C,H,^0 Jx  +  H,0,  occurs  in  the  underground  parts  of  many 
composita),  especially  in  the  roots  of  the  inula  helenium,  the  tubers  of  the 
dahlia,  the  varieties  of  helianthus,  etc.  It  is  ordinarily  obtained  from  the 
tubers  of  the  dahlia. 

luulin  forms  a  white  powder,  similar  to  starch,  consisting  of  sphieroid 
crystals,  which  are  readily  soluble  in  warm  water  without  forming  a  paste. 
It  separates  slowly  on  cooling,  but  more  rapidly  on  freezing.  Its  solutions 
are  lajvogyrate  and  are  precipitated  by  alcohol,  and  are  only  colored  yellow 
with  iodine.  Inulin  is  converted  into  the  laevogyrate  monosaccharide 
levulose,  on  boiling  with  dilute  sulphuric  acid.  Diastatic  enzjrmes  have  no 
or  very  slight  action  on  inulin." 

Liohenin  (moss  starch)  occurs  in  many  Hcbens.  namely,  in  Iceland  moss.  It  is  not 
soluble  in  cold  water,  but  swells  up  into  a  jelly.  It  is  soluble  in  bot  water,  forming  a 
jelly  on  allowing  tbe  concentrated  solution  to  cool.  It  is  colored  yellow  by  iodine,  and 
yields  glucose  on  boiling  witb  dilute  acids.  Licbenin  is  not  cbangeci  by  diastatic  enzyn)es 
such  as  plyaliu  or  amylopsin  (Nilron*). 

Glycogen.  This  carbohydrate,  which  stands  to  a  certain  extent  between 
starch  and  dextrin,  is  principally  found  in  the  animal  kingdom,  hence  it 
will  be  treated  in  a  subsequent  chapter  (on  the  liver). 

The  Gums  and  Vegetable  Mucilages  (C.H.^OJx. 

These  bodies  may  be  divided  into  two  chief  groups,  according  to  their 
origin  and  occurrence,  namely,  the  dextrin  group  and  the  vegetable  gums  or 
mucilages.  The  dextrins  stand  in  close  relationship  to  the  starches  and  are 
formed    therefrom   as  intermediate  products  in  the  action  of  acids  and 

'  Sec  Hylius,  Ber.  d.  deutsch.  cbem.  Gesellsch.,  Bd.  20,  and  Zeitscbr.  f.  pbysiol. 
Cbeni..  Bd.  11. 

«  Tollens'  Handb.,  2  Aufl.,  8.  187. 

»/Wrf.,  8.  208. 

*  Upsala  Lftkaref.  FOrh.,  28. 
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diMtatic  euzymed.  The  varions  kinds  of  Tegetable  gnms  and  Tegetabld 
mncilagefl  occar,  on  the  contrary,  as  natural  products  in  the  plant  kingdom, 
and  some  may  be  separated  from  certain  plants  as  anLorphoaB^  transparent 
masRes  and  otheri^  may  be  extracted  from  certain  parts  of  the  plant,  such  as 
the  wood  and  eeeds^  by  proper  solvents. 

The  dextrina  yield  as  final  products  only  hexoaes,  and  indeed  only 
dextrose  on  complete  hydrolysis.  The  vegetable  gums  and  the  nuicilages 
yield,  on  the  contrary,  not  only  hexoses,  but  also  an  abundance  of  pentoses 
(gum  arable  and  wood-gum),  d-galat^tose  occurs  often  amongst  the  hexoses, 
and  aa  diiferentiation  from  the  dextrina  the}^  yield  mucio  acid  on  oxidation 
with  nitric  acid.  The  dextrins,  as  well  aa  the  ordinary  Tarieties  of  guma 
and  nmcilages,  are  precipitated  by  alcohoL  Basic  lead  acetate  precipitates 
the  gams  and  mucilages,  but  not  the  dextrins* 

Dextrin  (British  gnni)  is  produced  on  heating  starch  to  200-210*  tf,, 
or  by  heating  starch,  which  has  previonsly  been  moistened  with  water 
containing  a  little  nitric  acid,  to  100-110''  C,  I^extrins  are  also  produced 
by  the  action  of  dilate  acids  and  diastatic  enzymes  on  starch.  Wa  are  not 
qtiiie  clear  in  regard  to  the  steps  taking  place  in  tlie  above  processes,  but 
the  ordinary  views  are  as  follows:  Soluble  starch  is  the  first  product,  from 
which  a  dextrin,  trifthrodextrin^  w^hich  is  colored  red  by  iodine,  and  sugar 
Are  fonned  by  hydrolytic  splitting.     Go  further  cleavage  of  tliis  erythro- 

t dextrin  more  sugar  and  a  dextrin,  achroodexirin^  which  is  not  colored  by 
iodine,  is  formed.  From  this  achroodextrin  after  successive  splittings  we 
liave  sogur  and  dextrina  of  lower  molecular  weigiits  formed,  until  finally  we 
laave  sugar  and  a  dextrin,  maltoihrtrin^  which  refuses  to  split  further,  as 
final  products.  The  views  are  rather  contradictory  in  regard  to  the  number 
of    dextrina  which    occur   aa   intermediate   steps.      The   sugar   formed    is 

IjBomaltose,  from  which  maltose  and  only  very  little  dextrose  are  produced. 
Another  Tiew  is  that  first  several  dextrins  are  formed  consecutively  in  the 
incoessive  splitting  with  hydration,  uud  then  finally  the  sugar  is  formed  by 
the  splitting  of  the  last  dextrin.  Other  investigutors  have  other  views  in 
regard  to  this  process.* 
The  various  dextrins  have  not  as  yet  been  separated  from  each  other, 
I  Bor  isolated  as  chemical  individuals.  Recently  Yorx(i'  has  tried  their 
^■ieparation  by  means  of  neutral  salts,  especially  ammonium  sulphate.  We 
^■Minot  enter  into  the  difTcreuces  as  to  tlie  dextrina  so  separated,  and  only 
^Hm  characteristic  properties  aud  reactions  will  be  given  for  the  dextrins  in 
general* 

In  regurd  lo  the  variouB  views  on  the  theories  of  the  BarclmHfictiUoa  of  Starch,  see 
{a%eula9  and  Qruber,  ZeiUcbr,  f.  pliyshil.  Cbem.,  Bd.  2,  S.  17T;  Llatiier  and  Dull, 
c,  Ikhh  26  ivud  38;  Billow,  1.  c. :  Brown  aud  Heron,  Joum,  of  chetii.  Soc..  ISTU ; 
Imwn  anil  Morris,  Omi.,  188    and  1889, 

'  Jouru.  of  PhyaioV,  VoK  32,  which  coiiluins  Ihe  older  restfarcht-a  of  Nriaac,  Kr&ger, 
iTeanidster,  Pohl,  aad  Halliburton  on  Ibe  precZpitatioa  of  carbohydrate  by  salts. 
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The  dextrins  appear  as  an  amorphous,  white  or  yellowish-white  powder 
which  is  readily  soluble  in  water.  Their  concentrated  solations  are  riscid 
and  sticky,  similar  to  gam  solations.  The  dextrins  are  dextrogyrate. 
They  are  insolable  or  nearly  so  in  alcohol,  and  insoluble  in  ether.  Watery 
eolations  of  dextrins  are  not  precipitated  by  basic  lead  acetate.  Dextrins 
dissolve  copper  oxyhydrate  in  alkaline  liquids,  forming  a  beaatiful  blue 
solution.  The  question  whether  or  not  perfectly  pure  dextrin  reduces 
Feiiling's  solution  is  undecided.  According  to  Brucke  '  a  non-reducible 
dextrin  may  be  obtained  by  warming  a  solution  of  achroodextrin  with  an 
excess  of  alkaline  copper  solution  and  then  precipitating  with  alcohoL 
According  to  Scheibler  and  Mittelmeier  '  the  dextrin  obtained  by  the 
action  of  acid  is  a  polysaccharide  of  an  aldehydic  nature,  hence  it  acts  as  a 
reducing  agent.  The  dextrins  are  not  directly  fermentable.  The  behaTior 
of  the  various  dextrins  to  iodine  has  been  given  above,  but  it  must  be 
remarked  that,  according  to  Musculus  and  Meyer,"  erythrodextrin  is  only 
a  mixture  of  achroodextrin  with  a  little  soluble  starch. 

The  vegetable  gums  are  soluble  in  water,  forming  solutions  which  are 
viscid  bnt  may  be  filtered.  We  designate,  on  the  contrary,  as  vegetable 
mucilages  those  varieties  of  gam  which  do  not  or  only  partly  dissolve  in 
water,  and  which  swell  up  therein  to  a  greater  or  less  extent.  The  natural 
varieties  of  gam  and  mucilage  to  which  several  generally  known  and  im- 
portant substances,  such  as  gum  arabic,  wood-gum,  cherry-gum,  salep,  and 
quince  mucilage,  and  probably  also  the  little-studied  pectin  substances, 
belong  will  not  be  treated  of  in  detail,  because  of  their  unimportance  from 
a  zoo-physiological  standpoint. 

The  Cellulose  Group  (C,H,,OJx. 

Cellulose  is  that  carbohydrate,  or  perhaps  more  correctly  mixture  of 
carbohydrates,  which  forms  the  chief  constituent  of  the  walls  of  the  plant- 
cells.  This  is  true  for  at  least  the  walls  of  the  young  cells,  while  in  the 
walls  of  the  older  cells  the  cellulose  is  extensively  incrusted  with  a  substance 
called  LiGNiN. 

The  true  celluloses  are  characterized  by  their  great  insolubility.  They 
are  insoluble  in  cold  or  hot  water,  alcohol,  ether,  dilute  acids,  and  alkalies. 
We  have  only  one  specific  solvent  for  cellulose,  and  that  is  an  ammoniacal 
solution  of  copper  oxide  called  Schweitzer's  reagent.  The  cellulose  may 
be  precipitated  from  this  solvent  by  the  addition  of  acids,  and  obtained  as 
an  amorphous  powder  after  washing  with  water. 

Cellulose  is  converted  into  a  substance,  so-called  amyloid,  which  gives 

»  Vorlesungen  tlber  Physiologie,  Wien,  1874,  S.  281. 
•  Ber.  d.  deulsch.  chem.  Gesellscli.,  Bd.  28. 
» Zeitsch.  f.  physiol.  Chem..  Bd.  4,  S.  451. 
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a  blae  coloration  with  iodine  by  the  action  of  concentrated  snlpharic  acid. 
By  the  action  of  strong  nitric  acid  or  a  mixture  of  nitric  acid  and  concen- 
trated sulphuric-acid  celluloses  are  converted  into  nitric-acid  esters  or  nitro- 
cellaloseSy  which'are  highly  explosive  and  have  found  great  practical  use. 

The  ordinary  celluloses  when  treated  at  the  ordinary  temperature  with 
strong  sulphuric  acid  and  then  boiled  for  some  time  after  diluting  with 
water  are  converted  into  dextrose.  Other  varieties  of  cellulose  have  a 
different  behavior,  namely,  we  have  a  cellulose  which  on  account  of  its 
insolubility  in  hot  dilute  mineral  acids  stands  close  to  ordinary  cellulose, 
which  yields  mannose  on  the  preceding  treatment.  This  substance  called 
mannose-cellulose  by  E.  Schulze,  occurs  in  the  coffee-bean,  as  well  as  in 
the  cocoanut  and  sesame  cake. 

Hemicelluloses  are,  according  to  E.  Schulze,  those  constituents  of  the 
cell-wall  related  to  cellulose  which  differ  from  the  ordinary  cellulose  by 
dissolving  on  heating  with  strongly  diluted  mineral  acids,  such  as  1.25^ 
Bulphuric  acid,  with  a  splitting  into  monosaccharides.  The  sugars  produced 
hereby  are  of  different  kinds.  The  hemicellulose  from  the  yellow  lupin 
yields  galactose  and  arabinose,  from  the  rye  and  wheat  bran  arabinose  and 
jiylose,  and  from  the  ivory-nut — called  reserve  cellulose  by  Reiss* — 
mannose.  Schulze  '  has  recently  suggested  to  designate  as  cellulose  only 
the  dextrose-celluloses — namely,  only  those  which  can  be  transformed  into 
dextrose.  All  other  celluloses  and  also  the  mannose-cellulose  must  then  be 
called  hemicelluloses. 

The  cellulose,  at  least  in  part,  undergoes  decomposition  in  the  intestinal 
tract  of  man  and  animals.  A  closer  discussion  of  the  nutritive  value  of 
cellulose  will  be  given  in  a  future  chapter  (on  digestion).  The  great  im- 
portance of  the  carbohydrates  in  the  animal  economy  and  to  animal  meta- 
bolism will  also  be  given  in  following  chapters. 

1  Ber.  d.  deutsch.  chem.  Gesellsch.,  Bd.  22. 
*  Zeitschr.  f.  physiol.  Chem.,  Bdd.  16  and  19. 


CHAPTER  IV. 
THE  ANIMAL  FATS. 

The  fats  form  the  third  chief  group  of  the  organic  foods  of  man  and 
animals.     They  occur  very  widely  distributed  in  the  animal  and  plant 
kingdoms.     Fat  occurs  in  all  organs  and  tissues  of  the  animal  organism, 
though  the  quantity  may  be  so  variable  that  a  tabular  exhibit  of  the  amount 
of  fat  in  different  organs  is  of  little  interest.     The  marrow  contains  the 
largest  quantity,  having  over  960  p.  m.     The  three  most  important  deposits 
of  fat  in  the  animal  organism  are  the  intermuscular  connective  tissue,  the 
fatty  tissue  in  the  abdominal  cavity,  and  the  subcutaneous  connective 
tissues.     Amongst  the  plants  the  seeds  and  fruit,  and  in  certain  instances 
also  the  roots,  are  rich  in  fat. 

The  fats  consist  nearly  entirely  of  so-called  neutral  fats  with  only  very 
small  quantities  of  fatty  acids.  The  neutral  fats  are  esters  of  the  triatomic 
alcohol,  glycerin,  with  monobasic  fatty  acids.  These  esters  are  triglyc- 
erides, that  is,  the  three  hydrogen  atoms  of  the  hydroxyl  of  the  glycerin 
are  replaced  by  the  fatty-acid  radicals,  and  their  general  formula  is  there- 
fore C,Hj.O,.R,.  The  animal  fats  consist  chiefly  of  esters  of  the  three  fatty 
acids,  stearic,  palmitic,  and  oleic  acids.  In  certain  fats,  especially  in  milk- 
fat  glycerides  of  fatty  acids  such  as  butyric,  caproic,  caprylic;  and  capric 
acids  also  occur  in  considerable  amounts.  Besides  the  above-mentioned 
ordinary  fatty  acids,  stearic,  palmitic,  and  oleic,  we  also  find  in  human  and 
animal  fat,  exclusive  of  certain  fatty  acids  only  little  studied,  the  following 
non-volatile  fatty  acids,  as  glycerides,  lauric  acid,  C,JI,^0„  myristic  acid, 
C,JI„0„  and  arachidic  acid,  C^^H^^O,.  In  the  plant  kingdom  triglycerides 
of  other  fatty  acids,  such  as  lauric  acid,  myristic  acid,  linoleic  acid,  emcic 
acid,  etc.,  sometimes  occur  abundantly.  Besides  these,  oxyacids  and  high 
molecular  alcohols  have  been  found  in  many  animal  fats.  The  occurrence 
of  traces  of  these  oxyacids  has  not  been  positively  investigated.  The 
occurrence  of  high  molecular  alcohols,  although  ordinarily  only  in  small 
amounts,  has  on  the  contrary  been  positively  shown  in  animal  fat. 

The  animal  fats  are  of  the  greatest  interest  and  consist  of  a  mixture  of 
varying  quantities  of  tristearin,  tripalmitin,  and  triolein,  haymg  an 
average  elementary  composition  of  G  76.5,  H  12.0,  and  0  11.5fl. 
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Fats  from  different  epecies  of  animals,  and  even  from  different  parts  of 
the  mme  »aimal,  have  an  essentially  different  considteocy,  depending  upon 
the  relative  aoioiints  of  the  different  fats,  In  solid  fats— as  tallow — 
tristearin  and  tnpalmitin  are  in  excess,  while  the  less  solid  fats  are  charac- 
terized by  a  greater  abundance  of  tripalmitin  and  triolein.  This  last- 
mentioned  fat  is  found  in  greater  qnan titles  proportionally  in  cold-blooded 
animals,  and  this  aoconnts  for  the  fut  of  these  animals  remaining  Utiid  at 
temperatores  at  which  the  fat  of  warm-blooded  animals  solidifies.  Unman 
fat  from  different  organs  and  tissues  contains,  in  round  numbers,  070-800 
p.  m»  triolein.^  The  melting-point  of  different  fats  depends  upon  the  com* 
position  of  the  mixtures,  and  it  not  only  Taries  for  fat  from  different  tissues 
of  the  same  animal,  but  also  for  the  fat  from  the  same  tissoes  ia  various 
kinds  of  animals. 

Neutral  fats  are  colorless  or  yellowish  and,  when  perfectly  pure,  odorless 
and  tasteless.  They  are  lighter  than  water,  on  which  they  float  when  in  a 
molten  condition.  They  are  insoluble  in  water,  dissolve  in  boiling  alcohol, 
bat  separate  on  cooling, — often  in  crystals.  They  are  easily  soluble  in 
ether,  benzol,  and  chloroform*  The  fluid  neutral  fats  give  an  emulsion 
when  shaken  with  a  solution  of  gum  or  album iru  With  water  alone  they 
gi^e  an  emulsion  only  after  vigorous  and  prolonged  shaking,  but  the 
emulsion  is  not  persistent.  The  presence  of  some  8nai>  causes  a  very  fine 
and  permanent  emulsion  to  form  easily.  Fat  produces  spots  on  paper 
which  do  not  disappear;  it  is  not  volatile;  it  boils  at  about  300"^  C.  with 
partial  decomposition,  and  burns  with  a  luminous  and  smoky  llame.  The 
fatty  ac'ids  have  most  of  the  above-mentioned  properties  in  common  with 
the  neutral  fats,  but  differ  from  them  in  being  soluble  in  alcohol-ether,  in 
having  an  acid  reaction,  and  by  not  giving  the  acrolein  test  The  neutral 
fats  generate  a  strong  irri tilting  vapor  of  acrolein,  due  to  the  decomposition 
of  glyoerine,  C^II^fOH),  —  2H,0  —  C^n^O,  when  heated  alone,  or  more 
easily  wljen  heated  with  potassium  bisnlphate  or  with  other  dehydrating 
substances* 

The  neutral  fats  may  be  split  by  the  addition  of  the  constituents 
of  water  according  to  th>  following  equation:  0,11,(011)^4-311,0  = 
C,Hj(01I),  -f  :ilIOU.  This  splitting  may  be  produced  by  steapsin,  similar 
enzymes  occurring  in  the  plant  kingdom  or  by  superheated  steam.  We 
most  frequently  decompose  the  neutral  fats  by  boiling  them  with  caustic 
alkali  not  too  concentrated,  or,  still  better  (in  zoochemical  researches),  with 
an  alcoholic  potash  solution  or  soilinm  alcoholate.  By  this  procedure, 
which  is  called  saponification,  the  alkali  salts  of  the  fatty  acids  (soaps)  are 
formed^     If  the  saponification  is  made  with  lead  oxide,  then  lead-plaater, 


*  See  Kufipfclniftcber,  '*  Unttmuch.  ttber  das  Pctt  fra  SHugHngsiilter/*  clc,  Jnlirbncb 
f,  Kioderbeilkunde  (N,  F*),  Bd.  4^,  wUicb  nho  coiitaitjs  tbe  older  literature. 
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lead-salt  of  the  fatty  acids,  is  prodaced.  We  do  not  only  call  the  cleavage 
of  nentral  fats  by  alkalies  saponification,  bat  also  the  splitting  of  neutral 
fats  into  fatty  acids  and  glycerin  in  general. 

On  keeping  fats  for  a  long  time  in  contact  with  air  they  undergo  a 
change,  becoming  yellow  in  color,  acid  in  reaction,  and  develop  an  nnpleas- 
ant  odor  and  taste.  It  becomes  rajicid^  and  in  this  change  a  part  of  the 
fat  is  split  into  fatty  acids  and  glycerin,  and  then  an  oxidation  of  the  free 
fatty  acids  takes  place,  producing  volatile  bodies  of  an  unpleasant  odor. 
The  rancidity  is  not  due,  as  shown  by  Gaffky  and  Ritsert,*  to  the  pres- 
ence of  microbes.  According  to  these  investigators  the  change  is  due  to  the 
combined  action  of  air  and  light. 

The  three  most  important  fats  of  the  animal  kingdom  are  sieariuy 
paltnititiy  and  olein. 

Stearin,  or  tristearin,  C,II^(C„H„0J„  occurs  especially  in  the  solid 
varieties  of  tallow,  but  also  in  the  vegetable  fats. 

Stearic  acid,  C^^H.^O,,  is  found  in  the  free  state  in  decomposed  pus,  in 

the  expectorations  in  gangrene  of  the  langs,  and  in  cheesy  tuberculous 

*  masses.     It  occars  as  lime-soap  in  excrements  and  adipocere,  and  in  this 

last  product  also  as  an  ammonia  soap.     It  perhaps  exists  as  sodium  soap  in 

the  blood,  transadations,  and  pus. 

Stearin  is  the  hardest  and  most  insolable  of  the  three  ordinary  neatral 
fats.  It  is  nearly  insoluble  in  cold  alcohol  and  soluble  with  great  difficulty 
ill  cold  ether  (225  parts).  It  separates  from  warm  alcohol  on  cooling  as 
rectangular,  less  frequently  as  rhombical  plates.  The  statements  in  regard 
to  the  melting-point  are  somewhat  varied.  Pure  stearin,  according  to 
IIeintz,'  melts  between  +  55**  and  71.5°.  The  stearin  from  the  fatty 
tissues  (not  pure)  melts  at  -{-  G3°  C. 

Stearic  acid  crystallizes  (on  cooling  from  boiling  alcohol)  in  large, 
shining,  long-rhombical  scales  or  plates.  It  is  less  soluble  than  the  other 
fatty  acids  and  melts  at  G9.2°  C.     Its  barinm  salt  contains  19.495^  barium. 

Palmitin,  tripalmitix,  C,II^(C,.n„0,),.  Of  the  two  solid  varieties  of 
fats,  palmitin  is  the  one  which  occurs  in  predominant  quantities  in  human 
fat  (Langer).'  Palmitin  is  present  in  all  animal  fats  and  in  several  kinds 
of  vegetable  fats.     A  mixture  of  stearin  and  palmitin  was  formerly  called 

MARGARIN. 

Palmitic  acid,  C„H„0,.  As  to  occurrence,  about  the  same  remarks 
apply  as  to  stearic  acid.  The  mixture  of  these  two  acids  has  been  called 
margaric  acid,  and  this  mixture  occurs — often  as  very  long,  thin,  crystalline 
plates — in  old  pus,  in  expectorations  from  gangrene  of  the  lungs,  etc. 

>  Naturwissensch.  Wocbeiischr.,  1890. 

»  Auual.  d.  Chem.  u.  Phftrm.,  Bd.  93,  8.  800. 

■  Monatsbefle  f.  Cbein.,  Bd.  2. 
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Palmitm  crvstallizes,  on  cc>oling  from  a  warm  satarated  solatioo  in  ether 
or  alcohol,  in  starry  rosettes  of  fine  needles.  The  mixture  of  palm i tin  and 
etearin,  called  mar^rin,  crystallizes,  on  cooling  from  a  solation,  as  bulls  or 
round  masses  which  consist  of  short  or  long,  thin  plates  or  needles  which 
often  appear  like  blades  of  grass.  Palmitin,  like  stearin,  has  a  variable 
melting  and  solidifying  point,  depending  upon  the  way  it  has  been  pre- 
TioQsly  treated.  The  melting-point  is  often  given  as  +  *5-°.  According 
to  other  statements*  it  melts  at  50.5^  C,  solidifies  on  fnither  beat  and 
njelts  again  at  OO'^.SO  C. 

Palmitic  acid  crystallizes  from  an  alcoholic  solution  in  tufts  of  fine 

t  needles.  It  melts  at  -f  BS''  C. ;  still  the  admixture  with  stearic  acid,  aa 
IIeintz  has  shown,  essentially  changes  the  melting  and  solidifying  points 

'according  to  the  relative  amounts  of  the  two  acids.  Paloiitic  is  somewhat 
more  soluble  in  cold  alcohol  than  stearic  acid;  but  they  have  about  the  same 
ftolability  in  boiling  alcohol,  ether,  chloroform,  and  benzol.  Its  barium  salt 
contains  21.17;^  barium, 

Olein,  TRIOLEIN,  C,H^(C,,II„OJ„  is  present  in  all  animal  fats  and  in 
greater  (|nantities  in  plant  fats.  It  is  a  solvent  for  stearin  and  palmitin. 
Oleic  acid,  elaic  acid,  C^,11,^0,,  occurs  probably  as  soaps  in  the  intestinal 
canal  during  digestion  and  in  the  chyle. 

Olein  is,  at  ordinary  temperatures,  a  nearly  colorless  oil  of  a  specific 
gravity  of  0.914,  without  odor  or  marked  taste.  It  solidifies  in  crystalline 
needles  at  —  5**  0.  It  becomes  rancid  quickly  if  exposed  to  the  air.  It 
dissolves  with  difficulty  in  coM  alcohol,  but  more  easily  in  warm  alcohol  or 
in  ether.     It  is  converted  into  its  isomer,  elaiiun,  by  nitrous  acid. 

Oleic    acid    forms    on    heating,    besides    volatile    acids,    sebacic  arid^ 

|C\,H„0,,  crystallizing  in  shining  leaves  and  melting  at  VZ7^  C.  With 
nitrous  acid  oleic  acid  is  transformed  into  the  isomeric,  solid,  elaidic  acid^ 

I  wliieh  melts  at  45"^  0.  Oleic  acid  forms  at  ordinary  temperature  a  colorlesSi 
taeteless,  and  odorless  oily  liquid  which  solidifies  in  cryattds  at  about 
+  4^  C,  which  then  melt  again  at  -f-  l^"*  ^-     Oleic  acid  is  insoluble  in 

I  water,  bat  dissolves  in  alcohol,  ether,  and  chloroform.  With  coucetitrated 
enlphnric  acid  and  some  cane-sugar  it  gives  a  beautiful  red  or  reddish-violet 
liquid  whose  color  i§  similar  to  that  produced  in  Petiexkoffek's  test  for 

I  bile-acids.     Oleic  acid  is  an  nnsatnrated  fatty  aoid,  which  can  take  up 

'halogens.  On  heating  with  hydroiodic  acid  and  amorphous  phosphorus  it 
takes  op  hydrogen  and  is  converted  into  stearic  acid- 

If  Ciie  watery  solution  of  the  alkali  combinations  of  oleic  acid  is  precipi- 
tated with  lead  acetate,  a  white,  tough,  sticky  mass  of  lead  oleate  is 
obtained  which  is  not  soluble  in  wiiter  and  only  slightly  in  alcohol,  but  is 

[nolnble  in  ether.     This  is  made  use  of  in  separating  oleic  acid  from  the 

[otlier  two  fatty  acids,  whose  lead  salts  are  not  quite  insoluble  in  ether, 
^  R  Benedikt,  Analyse  tier  FeUe.     3  Aufl.,  18^.     8.  44 
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All  acid  related  to  oleic  acid,  doeglic  acid,  vhich  is  solid  at  0*  C,  liquid  at  -r  IC, 
and  soluble  in  alcohol,  is  found  iu  the  blubber  of  the  Balmna  rostrata.  Eurbatofp' 
has  denionstruted  the  preseuce  of  liuoleic  acid  iu  the  fat  of  the  silurus.  siurreon,  seal, 
and  certain  other  animals.  Drying  fats  have  also  been  found  by  Author  and  Zink*  in 
hares,  wild  rabbits,  wild  boar,  and  mountain-cock. 

To  detect  the  presence  of  fat  ia  an  animal  flaid  or  tissae  tlie  fat  must 
first  be  extracted  with  ether.     After   the  evaporation  of  the  ether  the 
residue  is  tested  for  fat  and  the  acrolein  test  most  not  be  neglected.    If  this 
test  gives  positive  results,  then  neutral  fats  are  present;  if  the  results  are 
negative,  then  only  fatty  acids  are  present.     If  the  above  residue  after 
evaporation  gives  the  acrolein  test,  then  a  small  portion  is  dissolved  Id 
alcohol-ether  free  from  acid  and  which  has  been  colored  bluish  violet  by 
tincture  of  alkanet.     If  the  color  becomes  red,  a  mixture  of  neutral  fat  and 
fatty  acids  is  present.     In  this  case  the  fat  is  treated  in  ^the  warmth  with  a 
soda  solution  and  evaporated  on  the  water-bath,  constantly  stirring  until 
all  the  water  is  removed.     The  fatty  acids  hereby  combine  with  the  alkali, 
forming  soaps,  while  the  neutral  fats  are  not  saponified  under  these  condi* 
tions.     If  this  mixture  of  soaps  and  neutral  fats  is  treated  with  water  and 
then  shaken  with  pure  ether,  the  neutral  fats  are  dissolved,  while  the  soaps 
remain  in  the  watery  solution.     The  fatty  acids  may  be  separated  from  this 
solution  by  the  addition  of  a  mineral  acid  which  sets  the  acid  free. 

The  neutral  fats  separated  from  the  soaps  by  means  of  ether  are  often 
contaminated  with  cholesterin,  which  must  be  separated  in  quantitative 
determinations  by  saponification  with  alcoholic  caustic  potash.  The 
cholesterin  is  not  attacked  by  the  caustic  alkali,  while  the  neutral  fats  are 
saponified.  After  the  evaporation  of  the  alcohol  the  residue  is  dissolved  in 
water  and  shaken  with  ether,  which  dissolves  the  cholesterin.  The  fatty 
acids  are  separated  from  the  watery  solution  of  the  soaps  by  the  addition  of 
a  mineral  acid.  If  a  mixture  of  soaps,  neutral  fats,  and  fatty  acids  is 
originally  present,  it  is  treated  first  with  water,  then  agitated  with  ether 
free  from  alcohol,  which  dissolves  the  fat  and  fatty  acids,  while  the  soaps 
remain  in  the  solution,  with  the  exception  of  a  very  small  amount  which  is 
dissolved  by  the  ether. 

To  detect  and  to  separate  the  different  varieties  of  neutral  fats  from 
each  other  it  is  best  first  to  saponify  them  with  alcoholic  potash,  or  still 
better  with  sodium  alcoholate,  according  to  Kossel,  ObermCller,  and 
Kruger."  After  the  evaporation  of  the  alcohol  they  are  dissolved  in  water 
and  precipitated  with  sugar  of  lead.  The  lead  oleate  is  then  separated  from 
the  other  two  lead -salts  by  repeated  extraction  with  ether,  but  it  mast  be 
remarked  tliat  the  lead-salts  of  the  other  fatty  acids  are  not  quite  insoluble 
in  ether.  The  residue  insoluble  in  ether  is  decomposed  on  the  water-bath 
with  an  excess  of  soda  solution,  evaporated  to  dryness,  finely  pulverized, 
and  extracted  with  boiling  alcohol.  The  alcoholic  solution  is  then  frac- 
tionally precipitated  by  barium  acetate  or  barium  chloride.  In  one  fraction 
the  amount  of  barium  is  determined,  and  in  the  other  the  melting-point  of 
the  fatty  acid  set  free  by  a  mineral  acid.  The  fatty  acids  occurring 
originally  in  the  animal  tissues  or  fiuids  as  free  acids  or  as  soaps  are  con- 
verted into  barium  salts  and  investigated  as  above. 


'  Maly's  Jtiliresber.,  Bd.  22. 

*  Zeltschr.  f.  analyt.  Chem.,  Bd.  86.       / 

«  Zeitschr.  f.  physiol.  Chera.,  Bdd.  l|Cfb,  and  16. 
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Bdsides  the  methods  already  saggested  there  are  other  chemical  methods 
which  are  important  ia  investigating  fats.  Besides  determining  the  melt- 
ing  and  solidification  point  we  also  determine  the  following:  1,  The  acid 
equivalenl^  which  is  a  measare  of  the  amount  of  fatty  acids  in  a  fat  and  ia 

determined  by  titrating  the  fat  dissolved  in  alcohol-ether  with  --  alcoholio 

potash,  nsing  phenolphtalein  as  indicator*     2.   The  saponification 
ni^  which  gives  the  milligrams  of  canstic  potash  nnited  with  the 

fatty  acids  in  the  saponification  of    I  gm.  fat  with  f  -  1  alcoholic  caustio 

potafib.  *}.  REicHEKT-MBiasL^s  equivalent^  which  gives  the  quantity  of 
volatile  fatty  acids  contained  in  a  given  amount  of  neutral  fat  (5  gms.). 
The  fat  is  saponified,  then  acidified  with  mineral  acid  aud  distilled,  whereby 
the  Tolatilo  fatty  acids  pass  over  and  the  distillate  is  titrated  with  alkali, 
4,  Iodine  tquivaleiit  is  the  qoantity  of  ioiline  absorbed  by  a  certain  amount 
of  the  fat  by  addition.  It  is  chiefly  a  measure  of  the  quantity  of  UDsatu- 
rated  fatty  acids,  in  the  first  place  oleic  acid  or  olein  in  the  fat.  Other 
bodies  Each  as  cholesterin  may  also  absorb  iodine  or  halogens.  The  iodine 
equivalent  is  generally  determined  according  to  the  method  suggested  by 
Y*  HCbl.  5.  The  acetyl  ef/uivaletit.  Oxyacida,  alcohols  such  as  cetyl 
alcohol  or  cholesterin  and  such  constituents  of  fats  containing  the  OH 
gronp,  are  transformed  into  the  corresponding  acetyl  ester  on  boiling  with 
acetic  acid  anhydride  while  the  fatty  acids  remain  unchanged,  and  in  tins 
way  the  estimation  of  these  bodies  is  possible.  The  fat  is  saponified,  the 
aoape  decomposed  by  an  excess  of  acid  and  the  mixture  of  fatty  acids, 
oijfatty  acids,  cholesterin,  etc.,  boiled  with  acetic  acid  anhytJride.  The 
acid  equivalent  is  determined  in  a  weighed  part  of  the  carefully  washed 
acetic  acid  free  mixture  by  titration  with  an  alcoholic  caustic  potash.  This 
acid  equivalent  represents  all  the  acids  (fatty  acids  as  well  as  the  acetylated 
oxyacids)  and  it  is  designated  the  aceti/I  acid  equivalent.  The  neutral  ilaid 
is  now  titrated  with  an  exactly  measured,  sufficient,  quantity  of  the  same 
alkali  aud  the  acetyl  compounds  saponified  by  boiling;  On  retitratiug  we 
find  the  quantity  of  alkali  nsed  la  saponification  and  this  number,  calculated 
to  100  parts  of  the  fat  represents  the  acetyl  equivalent.  In  regard  to  the 
performance  of  the  above- mentioned  different  estimations  we  mnst  refer  the 
reader  to  more  complete  works  sach  as  *'  Analysis  of  Fats  and  Waxes,'* 

Benedikt. 

In  the  quantitative  estimation  of  fats  the  finely  divided  dried  tissnes  or 
e  finely  divided  residne  from  an  evaporated  fiuid  is  extracted  with  ether, 

Ialcohol-ether,  benzol,  or  any  other  pro[)er  extraction  medium.  The  inveati* 
gallons  of  DouMEYEU*  and  others,  carried  on  in  Pfluuer's  laboratory,  have 
ihown  that  even  witli  very  prolonged  extraction  witli  ether  all  the  fat  is  not 
Extracted.  First  extract  the  greater  part  of  the  fat  by  ether.  Then  digest 
Kith  pepsin  hydrochloric  acid,  collect  the  insoluble  residue  on  a  filter,  dry 
tnd  extract  with  ether.  The  fat  is  extracted  from  the  filtrate  by  shaking 
bilh  ether,  evaporating  the  extract  and  the  fat  separated  from  other  bodies 
*  On  fat  extrartioD  for  qvianlUalive  estimation  see:  Dormeyer,  Pfltiger's  ArcU.j  Bdd. 
61  Mid  <J5;  Bogdauow,  ibid.,  B^M.  6'i.  08.  and  Du  Bois  Reymoad's  Arcli..  1H97.  S.  140  ; 
H,  Schylr,  PfiQger'8  ArclK.  Bd.  m\  Voii  md  Kmmmaeher,  Zeltsciir.  f.  Biologie,  Bd.  S5- 
0.  Fi^K  tifid.,  Bd.  35 ;  PolUimuti^  FflUgcr'M  Arch.,  Bd.  70  ;  J.  Nerkhig,  i^id.,  Bd.  71. 
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by  extracting  the  residue  with  petroleum  ether,     J,  Nerking  *  has  simpli* 
fied  tlie  fat  eatimation  by  the  digestion  method  by  constructing  a  special ; 
apparatus.     L*  Liebekmaxn  and  Szekely"  have  suggested  a  new  method 
of  fat  eatiniatioii,  which  according  to  Tanol  and  Wkiseh  *  is  as  good  aa 
I)0KMEYER't3  method  and  can  be  performed  much  quicker, 

Tlie  fata  are  poor  in  oxygen  bat  rich  in  carbon  and  hydrogen.  Therl 
therefore  represent  a  large  amoont  of  chemical  potential  energy,  and  yield 
correspontlingiy  large  quantities  of  heat  on  combustion.  They  take  firet 
rank  amongst  the  foods  in  this  regard,  and  are  therefore  of  very  great 
importance  in  animal  life.  We  will  speak  more  in  detail  of  this  signifi- 
cauce,  also  of  fat  fornuition  and  the  behavior  of  the  fats  in  the  body,  in  the  , 
following  chapters. 

The  LECITHINS,  which  stand  in  close  relationship  to  the  fats,  will  b©^ 
treated  of  in  a  subsequent  chapter.     The  following  bodies  append  them- 
aelvfs  to  the  ordinary  animal  fate. 

Spdrm»eeti.     lu  tbc  living  sperniaceti  or  wlilte  wbale  there  is  fauad  in  a  lurge  c&t 
in  tlie  fc-ktill  iiij  oily  liquid  called  i^pcrtimcLHi.  wbiilj  on  coolmg  uftLi  ckaib  scjmnites*  inio  ] 
n  wjlid  crystnlliDe  pirt,  onlinaril  y  called  bpehmaceti,  and  iiMo  ti  liquid,  sPERMAtETi-oiU 
Thia  last 'is  sepii  rated  by  pressure.     Spermaceii  is  iileo  found  in  oiher  wbiiles  luid  in  cer^  | 
tat  1 1  speciea  of  dolpbiu. 

riie  piinfled.  stilid  BpernKicHi,  wbic^Ii  la  cnlled  cktin.  la  a  mixture  of  esters  of  U\!i\j  I 
acids.  The  chief  coiiatiiueul  ii  tiie  i:etyUpHlniitic  ester  mixed  \^'ilh  amnll  quantiiiea  of] 
cfmipouud  eibersS  i>f  biuric,  myriaiiic,  uud  aiearic  ac id^s  with  radicals  of  Ibe  alcobola* 

LETHAL,   CialTsD  OIJ.  ME THAL/CnHa,,  OH,  and  STETHAL.  Ci.Hi-r,OH. 

Cotiu  13  a  »noW'WhiLe  maj-Rfibiniug  like  uiother-uf-pearl,  cryaialliziDp  la  plates,  brilile. 
fatty  to  the  loucli,  and  ubicli  lias  a  vrtvyiug  uieUIug  point  of  +  i^O"  to  50'  C,   dtptudin^  j 
upf'n  its  pndfy.     C'etiu  ]s  insoluble  in  watiT,  \mX  dLssulves  easily  in  cold  ether  or  vobilile  j 
and  fatty  oils."    It  dissolves  in  boiling  alcobol,  but  crystallizes  on  t  oulini;.     Ii  is  sapouf. 
fled  \vitli  diUiruky  by  a  s  dntion  of  caus;ic  potash  in  wa(er,  but  with  an  aU^obolic  bolu- 
lion  it  fuipouifieH  rt'adily  and  ibo  above- men iloned  alcoliols  are  set  fre«. 

Ethal,  or  celyl  alcobol.  CjoHilOII,  which  also  occurs  in  the  coccygt-al  gland  of] 
ducks  uiiii  geese  (Dk  Jonqe  *)  uud  in  smtdler  qimntitieft  in  Ijeeswnx.  and  found  by  Lri>- 
WIG  and  V.  51EYNEK*  in  the  fat  frnni  dermoid  cysts,  forms  white,  transparent,  odorless, 
and  tasteless  crystals  wbich  am  inaoUible  In  water  bta  diaaolve  easily  in  idcobol  and 
ethrr.     Ethal  raells  at  40.5'  C, 

8pkkmaceti-oii^  yicld.^  on  aaponilicaiion  valerianic  acid,  ^raall  amounts  of  solid  falty 
iicids,  and  PHYSE-roLkic  ACtD.     Tliis  licid,  which  biis»  like  iiyjxjga^ie  acid.  Ihe  composi- 
tion CtlljoOj.  occurs  also,  as  found  by  Ljubaiisky,"  in  cotisidtrable  anuiunt^i  in  tbe  fat 
nf  the  seal.     It  forms  colorless  and  odorless,  aeedle-sbniwd  crystals  wblcli  easily  dissolve  i 
iu  aicobtil  and  ether  and  melt  at  -f-  S-t"  C- 

BEE8VVAX  may  be  treated  here  us  i  onduding  tbe  subject  of  fats.     It  cofiiaini^  three 

chief  constituents  :   1  ri^noTrc  acfd,  CitHmO,  /  which  occurs  as  cetyl  ether  in  (Chinese 

wax  and  as  free  acid  in  ordinary  wnx.     It  disi;o1ves  in  boilSng  alcrihol  anti  separati'S  as 

crysiuls  on  ci.Kding.     The  cooled  alcolndic  extract  of  wax  coniains  {2)  CEROLEIK,  which 

is  probably  a  mixture  of  several  bodies,  and  (8)  mykibin,  which  forms  the  chief  con* 

Mtihient  of  that  part  of  wax;  which  is  insoluble  in  warm  or  cold  alcohol.   Mynsin  consists 

^hielly  of  palaiititvacid  ether  of  uielissyl  (myrieyl)  alcohol,  CjoHaj  .OH.     This  alcohol  is 

L  silky,  shining,  crystalline  body  mcltiag  at  -\-  85"  C* 

*  Pflilu:er's  Arcb..  Bd.  73. 

'  [bid^,  Bd.  rz, 

•Ihid.,  Bd.  72.  S,  367. 

*  Miscbr.  t  pliysiol.  Cbem.,  Bd.  3. 

*  mi.,  Bd.  n.  * 

*  Journ.  f.  prakt.  Cbem.  (N.  R).  Bd.  57. 
^  Bee  Ileuriques,  Ber.  d.  deuisch.  cbem,  Gesellicb,,  Bd.  30,  S,  U15» 
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The  cell  is  the  unit  of  the  manifold,  varittble  forms  of  the  organism;  it 
forms  the  simplaet  phyaiologioal  appamttia,  and  as  such  is  the  seat  of  chem* 
ical  proceaaefi.  It  is  generally  admitted  tkat  all  chemical  proceBsea  of 
Importance  do  not  take  place  in  the  animal  fluids,  bnt  transpire  in  the 
cells,  which  may  be  considered  as  the  chemical  laboratory  of  the  organism. 
It  is  also  principally  the  cells  which,  through  their  greater  or  less  activity, 
regulate  or  govern  the  range  of  the  chemical  processes  and  also  the  intensity 
of  the  totitl  exchange  of  material* 

It  is  natural  that  the  chemical  investigation  of  the  animal  cell  should  in 
moat  oasea  coincide  with  the  study  of  those  tissues  of  which  it  forma  the 
chief  oonstitnent.  Only  in  a  few  ciises  can  the  cells  be  directly,  by  rela- 
tiTdlT  simple  manipulations,  isolated  in  a  rather  pure  state  from  the  tissues, 
aa,  for  example^  in  the  investigation  of  pus  or  of  tissue  very  rich  tn  cells. 
But  even  in  these  cases  the  chemical  investigation  may  not  lead  to  any  posi- 
tive results  in  regard  to  the  constituents  of  the  uninjured  living  cells.  By 
the  process  of  chemical  transformation  new  substances  may  be  formed  on 
the  death  of  the  cell,  and  at  the  same  time  physiological  constituents  of  the 
cell  may  be  destroyed  or  transported  into  the  surrounding  medium  and 
therefore  escape  investigation.  For  this  and  other  reasons  we  possess  only 
a  Tery  limited  knowledge  of  the  constitnenta  and  the  composition  of  the 
cell,  especially  of  the  living  one. 

While  young  cells  of  different  origin  in  the  early  period  of  their  exist- 
enct?  may  show  a  certain  similarity  in  regard  to  torm  and  chemical  composi- 
tioD^  they  may,  on  farther  development,  not  only  take  the  most  varied 
forms,  bat  may  also  offer  from  a  chemical  standpoint  the  greatest  diversity. 
As  a  description  of  the  constituents  and  composition  of  the  different  cells 
occurring  in  the  animal  organism  is  nearly  equivalent  to  a  demonstration  of 
the  chemical  properties  of  moat  animal  tissues,  and  as  this  exposition  will  be 
found  in  their  respective  chapters,  we  will  here  only  discuss  the  chemical 
eonstituents  of  the  young  cells  or  the  cells  in  general. 

In  the  study  of  these  conetituents  we  are  confronted  with  another 
difficulty,  namely,  we  must  differentiate  by  chemical  research  between  those 
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t  f  .  ''»' *-;i/ •.,.',  . r.  .  -  "!?*.,  ■  '//:.i. "..'/;.*,  ;ir.;  r<r;s.-...'.  ''..'.ar.^'i^Sh  .L^.  '^ "^Icr.  .= 
t  *  .•  "..*'.,'  .»'.  ;  ' .  'f^-'.  '.  .,  f  ;//:•:  or.  cor.y.i^t-i  of  [.ro:^!:.  =  .'•>'-i4r.o»:5.  I; 
»  *.//..  Sr.  'Ir;,-  f  ,  '.?  r,',r,  ;,..  ...o.^;/.^;!.  r//;.'ii'.ior.A  of  life,  or  if  ei:o=e«I  :o 
';«.^»",'r..  *  '.••</, '1/  ,;..:  ,ij.t.t  f  .  ,'f,  M  ?.;.';  fi'':-,iori  of  ;.:;::.  ten.  r/*::^:.;  re.-,  of 
ff.ttt.'.t.  h'/f-h*  or  ..';<:«;'!  of  '.,•'.* ,,',f-A  v.;i!^;r,  t.ii*;  jiro:opia.-.m  ciirr.  TLe 
iii'r.fofiO  i.'.  o'f'fift-?  '^;.,r,  ,f.  ",;.*;ijr,j  tf,nif/AHUs  Sit  Ihhkr.i  jart.'aily.  ar.i  oii.er 
M,#  ri, .';il  rj,:,;,;//.'  ,i/i  f/,-,n'|  »/,  f.;ik«:  j»l;i/;<j.  'DiO  aikaliriO  reactior:  of  the 
Ji/ir./  '»;;  ih.i/  Oi-  '7/;iVf:if.«'l  jfi'o  fin  juw'i  l/y  t.l,fj  Hj;[»oaraFiOe  of  paralactic 
ti']'\,  Hi.'l  M.«'  r  iif  o'/l./'lrat.«',  i/iyi.o/'ijri,  wl.i<:lj  habitually  oocnr3  in  tiiC  young 
(/rfirfii»i'#.  ff.;;  (f.ji^-  uth'T  lU  'li.jitli  \t*'  fjMJ'-.kly  chan^fc'l  an«l  oonsume'l. 

'I  lift  f|iiii.'f i''ri  ii.;  tii  Ifin  iiit.frniil  n^ruclum  of  tlir;jw-oto{/l<(.-:ni  id  still  in 
I  *inii*t"tt''/  If  i-«  of  IiiUm  irri|ifirlaiM'0  in  th«s  Ktmly  of  tlu;  riheniical  coniposi- 
fir»fi  fif  till-  ii'l|.«,  iiii  ii  m  irrifro  ..ililr  to  t'.]tr.iiiini\]y  Ktinly  tlitj  morpljologically 
iliITi  M'lit  ronxtiiiiffitN  of  tim  |irfit.r»|»)iiHiii.  With  tfu)  (;xf!ciition  of  a  few 
inir-rn  i  hr-fnif-ril  fi'iM-liohM  thn  fhnrniriil  firial\HiH  liiiH  liocn  rentrioted  to  the 
|»riit.M)ihiMfn  Hit  Hiif'h,  iinil  thi*  irivimii|.oit.ionf<  hiivo  Ixsen  diroctcd  in  the  first 
fthii'i*  tn  I  hi*  |iMitf<iii  iMihHt.iinrMut  whifh  furni  tJiorhicf  niasHof  the  ])roto]i1asin. 

Tfii'  funfiii/'t  tif  thv  ptnfnfiftt.sm  I'liUHiHt,  lUTonlihg  to  tliu  g<3iierul  view, 
i«hiit(ly  lit  ffhfnifiHf.  AffnnnuiM  hnvn  rtlNo  Ikmmi  found  lienides  tlic  glohnlins. 
Tlinrn  In  nil  ih»nht.  nt   |ir'i*Hii|it.  thiit  tho  iillnnninH  occur  in  tlio  cells  only  as 

I  VfMl It.  it    |>li,vi(li>l.  ()i-Hi>IUili    /.II  llnllii,  IHUO-Ul.  NoH.  Tiaiid  6. 
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traces,  or  at  least  only  in  trilling  qnantities.  The  presence  of  globnliria  can 
hardly  be  dispnted,  although  certain  cell  constituents  described  as  globuliuB 
have  been  shown  on  closer  investigation  to  be  nncleoalbumins  or  nucleo- 
proteids.  According  to  Hallibuhtox  '  the  proteid  occurring  in  all  cells 
and  coagnlating  at  47°-50°  C,  is  a  true  globulin. 

In  opposition  to  the  view  that  the  chief  mass  of  the  animal  cell  consists 
of  true  proteids,  the  author'  expressed  the  opinion  several  years  ago  that 
the  chief  mass  of  the  protein  substances  of  the  celts  does  not  coiisist  of 
proteids  in  tlie  ordinary  sense,  but  consists  of  more  complex  phoBphorized 
bodies,  and  that  the  globulins  and  albumins  are  to  be  considered  as  nutritive 
material  for  the  cells  or  as  destructive  products  in  the  chemical  trausforma- 
tion  of  the  protoplasm.  This  view  has  received  substantial  support  by 
investigations  within  the  last  few  years.  Alex.  Schmidt'  has  come  to  the 
view,  by  investigations  on  variona  kinds  of  ceUs,  that  they  contain  only  very 
little  proteid,  and  that  the  chief  mass  consists  of  very  complex  protein 
substances.  Lilienfeld*  has  also  found  on  a  fjuantitative  analysis  of 
leucocytes  from  the  tliymns  gland  only  1.76^  proteid  (in  the  dried  sub- 
stance), in  the  ordinary  sense. 

The  protein  substances  of  the  cells  consist  chieily  of  compound  proteids^ 
and  these  are  divided  between  the  glycoproteid  and  the  nucleoprotefd 
gronps.  It  is  impossible  at  present  to  state  the  extent  of  nucleoalbnmins  in 
the  cells  because  thna  far  in  most  cases  no  exact  difference  lias  been  made 
between  them  and  the  nucleoproteids.  Hoppe-Seyler  *  calls  vifeUin  a 
regular  constituent  of  all  protoplasm.  This  body  used  to  be  considered  as 
a  globulin,  but  later  researches  have  shown  that  the  so-called  vitelline  bodies 
may  h%  of  various  kinds.  Certain  vitellins  seem  to  be  nucleoalbumins,  and 
it  is  therefore  very  probable  that  cells  habitually  contain  nuehoalhumins. 

The  nudeoproieids  take  a  very  prominent  place  among  the  compound 
proteids  of  the  cell.  The  various  substances  isolated  by  different  investiga* 
tors  from  animal  cells,  such  as  (issue-Jibrinogen  (WooLDRiDnE),  eytocthhin 
and  preglohulin  (Alex.  Schmidt),  or  nudeohiston  (Kossel  and  Lilien- 
feld*), belong  to  this  group.  The  cell  constituent  which  swells  up  to  a 
sticky  mass  with  common  salt  solution  and  is  called  Ron  da's  hyaline  svb' 
glance  also  belongs  to  this  group. 

The  above*mentioned  different  protein  substances  have  only  been  simply 


*  See  Gftlliburton,  On  the  Chemical  Physiology  of  the  Animal  Cell.  1898,  No.  1, 
King's  College  PhyBiul,  Laboratory, 

»  Pflager'8  Arch..  Bd.  36,  8.  449. 

■  Alex.  Schmidt,  Zur  Blullehre,     Leipzig,  1802. 

*  Zeitschr.  f.  physiol  Chem..  Bd,  18,  S.  485. 

*  Physiol.  Chem.,  1877-1881.  8.  76. 

*  See  L.  C.  Wooldridge.  Die  Gerinnung  dea  Elates,     Leipaig,  1891 ;— A.  Schmidt, 
[%UT  r^titlehre;  Lilienfeld,  1.  c. 
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designated  as  constitnents  of  the  cells.  The  next  question  is  which  of  these 
belong  to  the  protoplasm  and  which  to  the  nucleus.  At  present  we  can 
give  no  positive  answer  to  this  question.  According  to  Kossel  and  Liliex- 
FELD,*  the  cell-nucleus  of  the  leucocytes  contains  a  nucleoproteid,  besides 
nucleins,  as  chief  constituent,  and  sometimes  perhaps  also  nucleic  acid  (see 
below),  while  the  body  of  the  cells  contains  chiefly  pure  proteins  besides 
other  substances,  and  only  a  little  nucleoalbumin,  containing  a  very  small 
quantity  of  phosphorus.  This  view  coincides  well  with  the  observations  of 
LiLiENFELD  ou  the  behavioF  of  the  protoplasm  and  cell-nucleus  on  one  side, 
as  compared  with  the  proteids  and  nuclein  substances  with  certain  coloring 
matters;  but  it  seems  to  be  inconsistent  with  the  quantitative  composition 
of  the  leucocytes  as  found  by  Lilienfeld.  If  we  admit,  according  to 
Kossel  and  Lilienfeld,  that  the  nucleoproteid,  called  by  them  nucleo- 
historic  belongs  only  to  the  nucleus  of  the  leucocytes  of  the  thymus  gland, 
then  77.45  parts  of  the  79.21  parts  of  proteins  in  100  parts  of  the  dried 
substance  belongs  to  the  nucleus  and  only  1.76  piirts  to  the  protoplasm. 
As  the  lymphocytes  of  the  thymus  gland  of  the  calf  contain  only  one 
nucleus,  in  which  the  mass  of  the  nucleus  surpasses  that  of  the  cytoplasm, 
it  is  natural  that  the  relative  proportion  of  the  various  protein  substances  in 
these  cells  cannot  be  taken  as  a  standard  for  the  composition  of  other  cells 
richer  in  cytoplasm. 

Complete  investigations  in  regard  to  the  distribution  of  protein  sub- 
stances in  the  protoplasm  and  nucleus  of  other  cells  have  not  been  made. 
If  we  consider  for  the  present  that  the  cells  rich  in  protoplasm  contain,  as 
a  rule,  only  very  little  troe  proteid,  we  are  hardly  wrong  in  considering  it 
probable  that  the  protoplasm  contains  chiefly  nncleoalbumins  and  compound 
proteids  besides  traces  of  albumin  and  a  little  globulin.  These  compound 
proteids  are  in  certain  cases  glycoproteids,  but  otherwise  nucleoproteid s, 
which  differ  from  the  nucleoproteid s  of  the  nucleus  in  being  poorer  in 
phosphorus,  besides  containing  a  great  deal  of  proteid  and  only  less  of  the 
prostetic  group,  and  hence  have  no  specially  pronounced  acid  character. 

The  nacleoproteids  of  the  nucleus  are  on  the  contrary,  as  shown  by 
Lilienfeld  and  Kossel,  rich  in  phosphorus  and  of  a  strongly  acid  charac- 
ter. These  nucleoproteids  will  be  treated  of  in  speaking  of  the  nucleins  of 
the  nucleus. 

In  cases  in  which  the  protoplasm  is  surrounded  by  an  outer,  condensed 
layer  or  a  cell  membrane,  this  envelope  seems  to  consist  of  albumoid  sub- 
stances. In  a  few  cases  these  substances  seem  to  be  closely  related  to 
elastin ;  in  other  cases,  on  the  contrary,  they  seem  rather  to  belong  to  the 
keratin  group.     The  chemical  processes  by  which  these  albumoid  substances 


*  Ueber  die  WablverwaDdtscbaft  der  Zellelemente  zu  gewissen  Farbstoffen.     Ver- 
baud),  d.  pbysiol.  Gesellsch.  zu  Berlin,  No.  11,  1893. 
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|mre  formed  from  the  albammons  bodies  or  compound  proteids  of  the  proto- 
plasm are  nnknown* 

Among  the  non-proteid  substances  of  the  cell  we  must  firEfc  mention 

[lecithin,  which  exists  as  a  positive  constittieot  of  the  protoplasm*     It  is 

[-difficalt  to  say  whether  it  also  exists  iu  the  nucleus. 

Lecithin.     This  body  is,  according  to  the  investigations  of  STRErKER, 

flluxDESHAGEN,  and  CJilson/  an  ether-like  combination  of  glycerophos- 
phoric  acid  snbstitated  by  two  fatty  acid  radicals,  with  a  base,  cholin. 
Therefore  there  may  l>e  different  lecithins  according  to  the  fatty  acid  con- 
tained in  the  lecithin  molecnle.  One  of  these — disiearylhcHhin — has  been 
closely  studied  by  Hoppe-Seyler  and  DiAcoxow:' 

C,.H„NPO.  =  HO.(CH.).N.C,H,.0(OH}PO.O.C,n,  :  (C,,H,A),. 

In  agreement  with  this,  if  lecithin  be  boiled  with  baryta- water  it  yields 

I  fatty  acids,  glycerophosphoric  acid,  and  cbolm.     It  is  only  slowly  decom- 

,  posed  by  dilate  acids.     Besides  small  quantities  of  glycerophosphoric  acid 

(perhaps  also  distearylglycerophosphoric  acid)  we  .have  large  ciaantities  of 

free  phosphoric  acid  split  off, 

CfLYCEROpnospnoBio   ACID   (nO),f*0. 0*0,11^(011),  is   a  bibasic  acid, 
;  which  probably  only  occurs  in  the  animal  fluids  and  tissues  as  cleavage 
product  of  lecthins.     The  cholin,  which  occurs  extensively  in  tlie  plant 
kingdom,  seems  to  be  identical  with  the  bases  sincalix  (in  mustard -seed) 
k^ind  AMANITTN   (in  agaricQB  maacarius),  has  the  formula   IIO.N(CII,),. 
]C,n^.OH,  and    is  therefore  considered    as   trimethylethoxylium    hydrate, 
IChoIin,  on  the  contrary,  is  not  identical  with  the  base,  xetrix,  prej>ared 
I  by  LiEBBEiCH  as  a  decomposition  product  from  the  brain,  which  is  consid- 
ered as  t  rime  thylvinylium  hydrate,  lIO.N(ClIJ,.C,n,.     Cholin  is  a  eirupy 
flaid  readily  miscible  with  absolute  alcohol.     Hydrochloric  acid  gives   a 
combination  which  is  very  soluble  iu  water  and  alcohol,  but  insoluble  in 
ether,  chloroform,  and  benzol*     This  componnd  forms  a  double  combination 
with  platinum  chloride  which   is  soloble  iu  water,  insoluble  in  tib*olute 
alcohol  and  ether,  crystallizing  ordinarily  in  six-sided  orange-colored  plates. 

I  This  combination  is  used  in  the  detection  and  identi^cation  of  this  base* 
Cholin  also  forms  a  crystalline  double  combination  with  mercuric  chloride 
and  gold  chloride.  In  watery  solution,  cholin,  on  prolonged  standing,  is 
converted  into  nearin,  which  process  may  be  hastened  by  micro-organisms.' 
Lecithin  occurs,  as  Hoppe-Seyler  *  has  especially  shown,  widely  diffused 


Slreckcr,   Anaab   d.  Obem.  u,   Pbarm..  Bd.  148  ;  HumlesljageD,  Journ   L  praku 
::iiem.  rX,  F.K  IM.  28  :  Gilson,  Zeitsclir.  t  physlol.  Cbem.,  B<i.  12. 

*  Hoppe-Seyler,  Med.-chem.  Uiiterauclk.  9.  221  and  405. 

*  Ueber  das  ChollQ  uud  scint?  VerbinduDgeQ,  see  Gulewitach,  Zeltachr.  f,  physioh 
jells'"*'.  Bdd.  24  and  26. 

'  Physioh  Chem.     Berlin.  1877-81.     S.  67. 
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in  the  vegetable  and  animal  kingdoms.  According  to  this  investigator,  it 
occurs  also  in  many  cases  in  loose  combination  with  other  bodies,  such  as 
albuminous  bodies,  haemoglobin,  and  others.  Lecithin,  according  to 
Hoppe-Seyler,  is  found  in  nearly  all  animal  and  vegetable  cells  thus  far 
studied,  and  also  in  nearly  all  animal  fluids.  It  is  specially  abundant  in 
the  brain,  nerves,  fish-eggs,  yolk  of  the  egg,  electrical  organs  of  the  Torpedo 
electricus,  semen  and  pus,  and  also  in  the  muscles  and  blood-corpmscles^ 
blood-plasma,  lymph,  milk,  especially  woman's  milk,  and  bile,  as  well  as  in 
other  animal  juices  and  liquids.  Lecithin  is  also  found  in  pathological 
tissues  or  liquids. 

This  wide  distribution  of  the  lecithins,  as  also  the  fact  that  it  is  a 
primary  constituent,  gives  great  physiological  importance  to  the  lecithins. 
We  have  in  lecithin,  no  doubt,  a  very  important  material  for  the  building 
up  of  the  complicated  phosphorized  nuclein  substances  of  the  cell  and  cell 
nucleus.  That  the  lecithins  are  of  great  importance  in  the  development 
and  growth  of  living  organisms,  in  fact  for  the  bioplastic  processes  in 
general,  follows  also  from  several  investigations.* 

Lecithin  may  be  obtained  in  grains  or  warty  masses  composed  of  small 
crystalline  plates  by  strongly  cooling  its  solution  in  strong  alcohol.  In  the 
dry  state  it  has  a  waxy  appearance,  is  plastic  and  soluble  in  alcohol,  espe- 
cially on  heating  (to  40-50''  C);  it  is  less  soluble  in  ether.  It  is  dissolved 
also  by  chloroform,  carbon  disalphide,  benzol,  and  fatty  oils.  It  swells  in 
water  to  a  pasty  mass  which  shows  under  the  microscope  slimy,  oily  drops 
and  threads,  so-called  myelin  forms  (see  Chapter  XII).  On  warming  this 
swollen  mass  or  the  concentrated  alcoholic  solution,  decomposition  takes 
place  with  the  production  of  a  brown  color.  On  allowing  the  solution  or 
the  swollen  mass  to  stand,  decomposition  takes  place  and  the  reaction 
becomes  acid.  In  putrefaction  lecithin  yields  glycerophosphoric  acid  and 
cholin;  the  latter  further  decomposes  with  the  formation  of  methylamiD, 
ammonia,  carbon  dioxide,  and  marsh-gas  (Hasebroek ').  If  dry  lecithin 
be  heated  it  decomposes,  takes  fire  and  burns,  leaving  a  phosphorized  coke. 
On  fusing  with  caustic  alkali  and  saltpetre  it  yields  alkali  phosphates. 
Lecithin  is  easily  carried  down  during  the  precipitation  of  other  compounds 
such  as  the  proteid  bodies,  and  may  therefore  very  greatly  change  the  solu- 
bilities of  the  latter. 

Lecithin  combines  with  acids  and  bases.  The  combination  with  hydro- 
chloric acid  gives  with  platinum  chloride  a  double  salt  which  is  insoluble  in 
alcohol,  soluble  in  ether,  and  which  contains  10.2^  platinum. 

'  See  Stoklasa,  Ber.  d.  deutsch.  cbem.  Gcsellsch.,  Bd.  29 ;  Wiener  Sitzungsber.,  Bd. 
104 ;  Zeitschr.  f.  pliysiol.  Chem.,  Bd.  25;  and  W.  Danielewsky,  Comp.  rend.,  Tome  121 
and  123. 

*  Zeitschr.  f.  physiol.  Chem.,  Bd.  12. 
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It  may  be  prepared  tolerably  pare  from  the  yolk  of  the  hen's  ^gg  by  the 
following  methodg,  as  suggested  by  Hoppe-Seylkr  and  Diaconow.  The 
yolk,  deprived  of  proteid,  ia  extracted  with  cold  ether  until  all  the  yellow 
color  is  removed.  Then  the  residue  is  extracted  with  alcohol  at  50-(iU''  C, 
After  the  evaporation  of  the  alcoholic  extract  at  50-tJO^  0*^  tije  sirtipy 
matter  is  treated  with  ether  and  the  insoluble  residue  dissolved  ia  as  little 
alcohol  as  possible.  On  cooling  this  filtered  alcoholic  solution  to  —  S""  to 
—  \0^  C.  tbe  lecithin  gradnnlly  separates  in  small  granules.  The  ether, 
howerer,  contains  considerable  of  the  lecithin.  The  ether  is  distilled  off 
and  the  residne  dissolved  in  cbloroform  and  the  lecithin  precipitated  from 
this  solution  by  means  of  ace  ton  (AltMxINK  '). 

According  to  Gilson,  a  now  portion  of  lecithin  may  be  obtained  from 
tbe  ether  used  in  extracting  tbe  yolk  by  dissolving  the  residue  after  the 
eraporation  of  the  ether  in  petroleum  ether  and  then  shaking  this  solution 
with  alcohol.     The  petroleum  ether  takes  tbe  fat,  wbile  the  lecithin  remains 

■  dissolved  in  the  alcohol  and  may  be  obtained  tlierefroni  rather  easily  by 
using  the  proper  precautions. 

The  detection  and  the  (quantitative  estimation  of  lecithin  in  animal 
flaids  or  tissues  is  based  on  the  solobility  of  the  lecithin  (at  5(V(J()°  ('.)  in 
alcohol -ether,  by  which  the  phosphoric  acid  or  glycerophosphoric  acid  salts 
which  may  be  present  at  the  same  time  are  not  dissolved.  The  alcohol- 
ether  extract  is  evaporated,  the  residue  dried  and  fused  with  soda  and  salt- 
petre. Phosphoric  acid  is  formed  froui  the  lecithin,  and  it  can  be  used  in 
the  detection  and  quantitative  estimation.  The  distearyl lecithin  yields 
8,798^  Pi**»-  This  method  ia,  however,  not  exactly  correct,  for  it  is 
possible  that  other  phosphorized  organic  combinations,  such  as  jecorin  (see 
Chapter  V'lII)  and  protagon  (Chaiiter  XII)  may  have  passed  into  the 
alcofiol-ether  extriict.  In  detecting  lecithin  the  double  combination  of 
cboUu  and  jilatinnni  must  also  be  prepared.  Tbe  residne  of  the  evaporated 
alcohol-ether  extract  may  be  boiled  for  an  hour  with  baryta- water,  filtered, 
the  excess  of  barium  precipitated  with  CO^,  and  filtered  while  hot.  The 
filtrate  is  concentrated  to  a  sirupy  consistency,  extracted  with  abaointe 
alcohol,  and  the  filtrate  precipitated  with  an  alcoholic  solution  of  platinnm 
chloride.  The  precipitate  after  filtration  may  be  dissolved  in  water  and 
allowed  to  crystallize  over  sulphuric  acid* 

0  Frotagofis^  which  are  found  in  the  lencocytes  and  pus-cells,  are  also  to 
be  considered  as  a  constitoent  of  protoplasm.  These  phosphorized  bodies 
occnr  principally  in  the  brain  and  nerves,  and  hence  will  be  described  in  a 
following  chapter. 

k  Glycogen^  discovered  by  Ol.  Bernard  and  Hensen,  is  found  in  devel- 
iog  animal  cells  and  especially  in  developed  embryonic  tissues.  Accord- 
5  to  Hoppe-8eyler  it  seems  to  be  a  never-failing  constituent  of  the  cells, 
which  show  amceboidal  movement,  and  he  found  this  carbohydrate  in  the 
leucocytes,  but  not  in  the  developed  motionless  pus-corpuscles.  Salomujt 
and  afterwards  others  have,  however,  found  glycogen  in  pus.'     From  the 


»  Cited  from  Hoppe-Seylefs  Handbuch,  etc  ,  6.  Aufl.,  8.  84. 
•  Id  regard  to  tbe  literature  oii  glycogen  see  Cbap.  VIIX. 
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relationship  which  Beems  to  exist  between  glycogen  and  mnscnlar  work  (see 
Chapter  XI),  it  is  presamable  that  a  consumption  of  glycogen  takes  place 
in  the  movement  of  animal  protoplasm.  On  the  other  hand,  the  extensive 
occurrence  of  glycogen  in  embryonic  tissues,  as  also  its  occurrence  in  patho- 
logical tumors  and  in  abundant  cell-formation,  speaks  for  the  importance  of 
this  body  in  the  formation  and  development  of  the  cell. 

In  adult  animals  glycogen  occurs  in  the  muscles  and  certain  other 
organs,  but  principally  in  the  liver;  therefore  it  will  be  completely  described 
in  connection  with  this  organ  (Chapter  VIII).  Glycogen  has  been  directly 
detected  as  a  constituent  of  the  protoplasm  of  various  cells. 

Another  body,  or  perhaps  more  correctly  a  group  of  bodies  which  occur 
widely  distributed  in  the  animal  and  vegetable  kingdoms,  and  which  occur 
regularly  in  the  cells,  are  the  cholesterins.  The  best-known  representative 
of  this  group  is  ordinary  cholesterin  (see  Chapter  VIII),  which  is  the  chief 
constituent  of  certain  biliary  calculi  and  exists  in  abundant  quantities  in  the 
brain  and  nerves.  It  is  hardly  admissible  that  this  body  is  of  direct 
importance  for  the  life  and  development  of  the  cell.  It  must  be  considered 
that  the  cholesterin,  as  accepted  by  Hoppe-Seyler,*  is  a  cleavage  product 
appearing  in  the  cell  during  the  processes  of  life.  According  to  Hoppe- 
Seyler  the  same  is  true  for  the  fats,  which  do  not  occur  constantly  in  the 
cells  and  have  nothing  to  do  in  the  ordinary  processes  of  life.  There  is  no 
doubt  that  cholesterin  exists  as  a  constituent  of  the  protoplasm,  but  its 
existence  in  the  nucleus  is  questionable. 

The  cell  nucleus  has  a  rather  complex  structure.  It  consists  in  part  of 
a  mitoplasm^  which  consists  of  fibriles  which  form  a  network,  and  another 
part,  which  is  less  solid  and  homogeneous,  called  the  hyaloplasm.  The 
mitoplasm  differs  from  the  hyaloplasm  in  a  stronger  affinity  for  many  dyes. 
On  account  of  this  behavior  the  first  is  called  the  chromatic  substance  or 
chromatin,  and  the  other  the  achromatic  substance  or  achroniatin. 

The  hyaloplasm  of  the  nucleus  is  considered  as  a  mixture  of  proteid. 
The  mitoplasm  seems  to  contain  the  more  specific  constituent  of  the  nucleus, 
namely,  the  nuclein  substances.  Besides  this  it  is  alleged  to  also  contain 
another  substance,  plastin.  This  last  is  less  soluble  than  the  nuclein  sub- 
stances and  does  not  have  the  property,  like  them,  of  fixing  dyes. 

The  chief  constituents  of  the  cell  nucleus  are  the  nuclcoproieids 
{?iuclems)y  and  in  a  few  cases  nucleic  acids, 

Nucleins.  By  the  name  nuclein  IIoppe-Seyler  and  Miescher*  desig- 
nated the  chief  constituent  of  the  nucleus  of  the  pus-cell  first  isolated  by 
Miescheu.  Since  it  has  been  shown  by  repeated  research  that  similar 
bodies  occur  extensively  in  the  animal  and  plant  kingdoms,  especially  in 

>  Physiol.  Chem..  S.  81. 

•  Hoppe-Seyler,  Med. -chem.  Untersuch.,  S.  452. 
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organs  rich  in  cells,  we  imve  for  some  time  designated  as  nncleins  a  noniber 
of  pliosphorized  bodies  which  are  in  part  derived  as  cleavage  products  from 
the  nacleoalbuminB  and  m  part  form  the  chief  constitneiit  of  the  cell 
Qucleas. 

According  to  Hoppe-Seyleb»  these  bodies  may  be  divided  into  three 
groups*  The  first,  to  which  belongs  the  nnclein  of  yeast,  pus,  nucleated 
red  blood-corpuscles,  and  probably  of  the  cell  nucleus  in  general,  yield 
proteid  bodies,  xanthin  bodies,  and  phosphoric  acid  as  cleavage  products  on 
boiling  with  acids.  To  the  second  group,  which  yield  as  splitting  products 
proteid  and  phosphoric  acid,  but  no  xanthin  bodies,  belongs  the  nuclei  a  of 
the  yolk  of  the  ^gg  and  casein — ^in  other  words,  the  nncleo-albumins  in 
general;  and  to  the  third  group,  which  gives  as  splitting  products  only 
phosphoric  acid  and  xanthin  bodies,  but  no  proteid,  belongs  only  the  nnclein 
^of  spermatozoa. 
K*  Those  nuclei n  substances  which  do  not  yield  nuclein  bases  on  splitting 
^m — such,  for  instance,  as  nuclein  from  casein  and  vitellin — are  to  be  separated 
f  from  the  others*  Kossel  has  suggested  the  name  para7iudvin  ioi  these 
nuclein  substances.  As  the  paranuclei ns  amongst  themselves  are  very 
different  and  have  only  an  apparent  similarity  to  the  true  nueleius,  the 
author  has  proposed  the  name  psendonurhins  for  them,* 

tThe  nnclein  of  spermatozoa,  which  does  not  yield  any  proteid  on 
leavage,  shows  a  great  aijuilarity  to  the  substance  obtained  by  Alt^iann^ 
rom  the  nucleins  of  Hoppe-Seyler's  first  group  by  the  action  of  alkalies, 
^his  substance  was  called  niteleic  acid  by  Ai.tmanjt  and  KosSEL,"  and 
lence  this  nuclein  will  be  called  nucleic  acid  in  the  future. 

The  nuclein  of  the  first  group  is,  according  to  Kossel,  true  nuclein  or 
simply  nuclein.  This  nuclein,  which  gives  phosphoric  acid  its  well  as 
proteid  and  xanthin  bases  on  splitting  wit!i  acids,  is  considered  by  Kossel 
as  a  combination  between  proteid  and  nucleic  acid. 
H  We  therefore  have  two  chief  groups  of  nucleins:  pseudonucieins  or 
^paranacieins,  which  yield  no  nuclein  bases  (xanthin  bodies)  as  cleavage 
products  and  correspouding  thereto,  do  not  contain  any  nucleic  acid,  and 
true  nucleins,  or  simply  nucleins,  the  combination  of  proteid  with  nucleic 
acid  which  give  xantht!!  bodies  as  cleavage  products. 

Fseudonucleizis  or  Pahanccleiks.  These  bodies  are  obtained  as  an 
insoluble  residue  on  the  digestion  of  nucleoalbumius  or  phogphoglyco- 
proteids  with  pepsin  hydrochloric  acid.  Attention  is  called  to  the  fact  that 
the  pseudonuclein  may  be  dissolved  by  the  presence  of  too  much  acid  or  by 
a  too  energetic  peptic  digestion.     If  the  relationship  between  the  degree  of 


I      ^  Kossel,  Du  BolS'Reymond'B  Arcli.,  1891  }  H^immaraien,  Zcilschr.  f.  pliyBiol.  Chem., 
Bd.  19. 

•  Alttnaon,  Du  BoU-Reymouds  Areli..  1889;  Koasei,  ibid.,  1801. 
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acidity  and  the  quantity  of  Babstance  is  not  properly  selected  the  foimation 
of  pseudonucleins  may  be  entirely  overlooked  in  the  digestion  of  certain 
nacleoalbumins.  Psendonucleins  contain  phosphoms,  which,  as  shown  by 
Liebermank/  is  split  off  as  metaphosphoric  acid  by  mineral  acids.  The 
pseudonucleins  are  very  dissimilar.  One  group  of  these,  whose  most 
important  representative  is  the  long-known  pseudonuclein  from  casein, 
yields  no  reducing  substance  on  boiling  with  mineral  acids,  while  the  other 
group,  to  which  the  pseudonuclein  from  ichthnlin  belongs,  does  yield  sucli 
a  substance. 

As  we  consider  the  true  nucleins  as  a  combination  of  proteid  with 
nucleic  acid  so  the  pseudonucleins  may  be  designated  as  a  combination  of 
proteid  and  a  special  acid  called  pseudo-  or  paranncleic  acid.  Such  an  acid 
of  characteristic  properties  has,  up  to  the  present  time,  not  been  prepared.* 

The  pseudonucleins  are  amorphous  bodies  insoluble  in  water,  alcohol, 
and  elher,  but  readily  soluble  in  dilute  alkalies.  They  are  not  soluble  in 
very  dilute  acids,  and  may  be  precipitated  from  their  solution  in  dilute 
alkalies  by  adding  acid.     They  give  the  proteid  reactions  very  strongly. 

In  preparing  a  pseudonuclein,  dissolve  the  mother-substance  in  hydro- 
chloric acid  of  1-2  p.  m.,  filter  if  necessary,  and  add  pepsin  solution,  and 
allow  to  stand  at  the  temperature  of  the  body  for  about  24  hours.  The 
precipitate  is  filtered  off,  washed  with  water,  and  purified  by  alternately 
dissolving  in  very  faintly  alkaline  water  and  reprecipitating  with  acidu 

The  true  nucleins  first  prepared  by  Miescher  and  Hoppe-Seyler  are 
not  native  constituents  of  the  cell,  but  laboration  products,  which  are 
derived  from  the  native  nucleoproteids  by  the  pepsin  digestion  or  by  not 
too  energetic  action  of  the  acid.  A  part  of  the  proteid  is  hereby  split  off 
from  the  native  nucleoproteid  and  the  insoluble  residue  poor  in  proteid  bat 
rich  in  nucleic  acid  forms  the  so-called  nuclein.  If  we  consider,  according 
to  IIoppe-Seyler,  as  compound  proteids  all  substances  which  yield  as 
cleavage  products  proteids  and  another  non-proteid  component,  then  we  must 
also  treat  the  true  nucleins  as  nucleoproteids.  There  are  modified  nucleo- 
proteids which  differ  from  the  native  compound  proteids  in  containing  a 
greater  amount  of  phosphorus,  or  nucleic  acid.  Strictly  speaking,  all  tme 
nucleins  are  nucleoproteids,  and  for  this  reason  it  is  perhaps  best  to  drop  the 
name  nucleins,  which  unfortunately  is  used  in  various  senses,  and  only 
differentiate  between  native  and  modified  nacleoproteids.  As  from  another 
standpoint,  it  is  probably  best  to  wait  until  we  have  further  information  in 
regard  to  the  nature  of  the  nuclein  substances  before  we  undertake  a  change 
in   the  nomenclature,  we  will  here  designate  as  true  nucleins  or  simply 

*  Ber.  d.  deutscb.  chem.  Gesellsch.,  Bd.  21,  and  Centralbl.  f.  d.  ined.  Wissensch., 
1889. 

«  See  Milroy,  Zeitechr.  f.  physiol.  Chem.,  Bd.  22,  und  Proc.  Roy.  See.  of  Ediuburgh, 
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nucleing  those  modilied  nucleoproteids  insoluble  in  digestion  hydrochloric 
acid.  This  will  hardly  lead  to  any  misanderstanding.  According  to  this 
nomenclature  the  native  nucleoproteids  correspond  to  the  niicleoalbuniina 
and  the  nacleina  correspond  to  the  pseudonacleina,  vvlitch  are  modilied 
uucleoalbnminB  rich  in  phosphorus.  The  properties  of  the  different  nucleo- 
proteids and  nucleins  are  nodotibtedly  in  part  dependent  upon  the  kind  of 
Iproteid  component.  To  all  appearances  the  nature  of  the  nucleic  acid 
component  is  of  still  greater  importance  and  for  this  reason  the  nueleic 
ftcids  will  be  treated  of  first.  The  nucleoproteids  will  then  follow  and 
finally  the  nuclei  as. 
Nucleic  Acids.  We  differentiate  between  tJie  various  nucleic  acids  by 
the  decompoflition  prodncts  they  yield.  All  are  rich  in  phosphorus  and 
yield  nuclein  bases  (purin  bases  according  to  E.  Fischer)  as  cleavage 
products.     Various  nncleic  acids  act  different  in  this  regard.     The  nucleic 

I  acid  from  ox-sperm  yields,  according  to  Kuhsel  almost  entirely  i  ant  bin, 
while  that  from  the  calf  thymus  yields  cbietly  adenin  witli  only  a  little 
^aunin.     Kossel  used  to  be  of  the  opinion  that  there  were  probably  four 
uucleic   acids,   each   containing  only  one   of  the  nuclein  bases,   thus   an 
luienylic^  a  guauylic  acid,  etc.     He  has  now  given  up  this  view  in  so  far 
as    the  nucleic   acid   from  the   thymus,  in  which  he  only  found  adenin, 
:>n tains  some  guanin.     For  this  reason  he  does  not  call  this  acid  adenylic 
^id  but  ihymns  nucleic  acid,^     That  wo  liave  nucleic  acids  which  only 
contain  one  nuclein  base  follows  from  the  nucleic  acid  isolated  by  Bang* 
frcim  the  pancreas,  gttanylic  acid^  which  contains  guanin  only  and  indeed 
ibout  365^.     We  must  differentiate  between  several  nncleic  acids  depending 
ipon   the  nuclein  bases  contained  therein^     We   must  also  still  admit  of 
lifferent  nucleic  acids  from  another  point  of  view.     There  are  some,  aa  the 
ftiucleic  acid  from  the  pancreas  and  the  yeast  nuckic  acidy  wliich  contains  a 
relatively  loosely  combined  carbohydrate  group,  which  is  readily  split  off. 
HiOthers,  on  the  contrary,  such  as  the  thymus  nucleic  acid  and  nucleic  acid 
Vfrom  the  salmon-sperm,  salmon  nuclrif*  add,  no  carbohydrate  can  be  split 
foff.     Only  on  energetic  cleavage  have  Kossel  and  Nermann  been  able  to 
obtain  levnlinic  acid  from  thymus  nucleic  acid,  which  is  proof  of  the  pres- 
ence of  a  carbohydrate  group.     Noll'  has  also  split  oil  levnlinic  acid  from 
the  nucleic  acid  of  sturgeon- sperm.     According  to   Necmann*   thymus 
nucleic  acid  is  not  a  unit,  but  consists  of  mixture  of  three  acids  which  be 


I*  The  works  of  Koasel  and  Lis  pupils  on  nucleic  iiciils  ani  found  in  Dm  Boia-Rey- 
mocid's  Arcli,»   1892,    1893,   and  1894;  SltzuDg9b«r.   lU  BctL   Akad.  d.  Wisaeiisch. ,  W, 
ISH;  Cealnilbb  f.  d.  ined.  Wisseusch.,  1S98;  Ber.  d.  deutsch.  cliem.  Gesellsch,,  Bdd. 
S6iiiid  37,  Zeitftchr  f.  physi<*L  CLem.,  Bd.  22. 
*  InirestigatioaB  oot  published  from  the  AiilLior's  laboratoiy, 
«  Zeiuchr.  f.  phygiol.  Cliem.,  BtL  25. 
<  Du  Bol»-Beymood'fl  Arch.,  1898.  S.  a74. 


110  THE  ANIMAL  CELL. 

has  designated  A  and  B  nucleic  acid  and  nacleothymic  acid.  The  two 
nucleic  acids  correspond  in  properties  essentially  with  the  substance,  which 
used  to  be  designated  nucleic  acid.  Nucleothymic  acid  can  be  split  off 
from  both  by  hydrolytic  cleavage.  Nucleothymic  acid,  which  differs  from 
the  real  nucleic  acids  in  being  readily  soluble  in  cold  water,  yields  thyniin, 
cytosin,  phosphoric  acid,  levulinic  acid  and  formic  acid  as  cleavage  products. 
All  three  nucleic  acids  gives  Tollens'  pentose  reaction. 

The  nucleic  acids  are  very  different  among  each  other  and  corresponding 
thereto  they  have  also  a  varying  composition.  They  are  all  free  from 
sulphur  but  contain  nitrogen  and  phosphorus.  The  relationship  between 
phosphorus  and  nitrogen  in  the  nucleic  acids  from  the  thymus,  salmon- 
sperm  and  yeast  is  as  1  :  3,  in  guanylic  acid  as  1  :  5.  Nothing  is  known 
with  positiveness  in  regard  to  the  form  of  union  of  the  phosphorus.* 

The  cleavage  products  of  the  nucleic  acids  are  also  different.  From 
guanylic  acid  Bang  obtained  only  peiitose^  while  on  the  contrary  Kossel 
obtained  pentose  as  well  as  hexose  from  yeast  "nucleic  acid,  and  from  salmon 
nucleic  acid  or  that  from  the  thymus  neither  one  nor  the  other  sugar  could 
be  prepared.  According  to  Kossel  and  Neumann  thymus  nucleic  acid 
yields  as  cleavage  products,  besides  adenin  and  guanin,  thymic  add  and  a 
crystalline  base,  cytosin^  with  the  probable  formula,  C„H„N„0^.  The 
thymic  acid,  which  is  readily  soluble  in  water,  and  which  yields  a  barium 
salt  with  the  formula,  C,^n„X,P,0„Ba,  soluble  in  water  and  precipitated 
by  alcohol,  yields  a  cleavage  product,  thymin^  C,H^N,0„  which  is  crystal- 
line and  not  precipitatable  by  phospho-tungstic  acid,  and  which  is  charac- 
terized by  its  property  of  being  sublimed.  Thymin  occurs  as  cleavage 
products  from  other  nucleic  acids  (with  the  exception  of  guanylic  acid)  and 
is  identical  with  nncUosiii^  prepared  by  Schmiedebero  from  salmon  nucleic 
acid.  Guanylic  acid,  on  the  contrary,  yields  no  thymin  as  a  cleavage 
product.  It  yields  guanin  (36^),  pentose  (30j^)  phosphoric  anhydride, 
P,0,  (18^)  and  a  little  ammonia.  Bang  found  90^  of  the  nitrogen 
as  guanin. 

The  composition  of  salmon  nucleic  acid  may,  according  to  Miescher 
and  ScHMiEDEBERG,'  be  represented  1  y  the  formula,  C,^H,^N,^0„.'^P,0,, 
and  yeast  nucleic  acid  by  C,,II„N,^0„.2P,0,.  The  composition  of  guanylic 
acid  seems  to  be  C„H.^N,,0„.P,0.. 

The  nucleic  acids  are  amorphous,  white  and  acid  in  reaction.  They  are 
readily  soluble  in  ammoniacal  or  alkaline  water.  Guanylic  acid  is  soluble 
with  difficulty  in  cold  water  but  rather  readily  in  boiling  water,  from  which 
it  separates  on  cooling.     Guanylic  acid  is   readily  precipitated  from   its 

*  Besides  the  works  of  Kossel,  see  also  those  of  Liebermaun  in  PflUger's  Arch.,  Bd. 
47,  and  Centialbl.  f.  d.  med.  Wissensch..  1893,  S.  465  and  738. 
«  Arch.  f.  exp.  Path.  u.  Phjirm..  Bd.  87. 
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'fllkali  combination  by  an  excess  of  acetic  acid.  The  other  nacleic  acids  are> 
on  the  contrary,  not  precipitated  from  such  combinations  by  an  excess  of 
acetic  acid,  but  by  a  slight  excess  of  hydrochloric  acid,  especially  in  the 
presence  of  alcohol.  In  acid  solutions  the  thymus  nucleic  acid,  salmon 
nucleic  acids,  and  yeast  nucleic  acid  gives  precipitates  with  proteids,  which 
are  considered  as  nucleins.  The  behavior  of  guanylic  acid  in  this  regard 
has  not  been  shown  on  account  of  the  great  difficulty  in  dissolving  this 
acid  in  dilute  acids*  All  nucleic  acids  are  insoluble  in  alcohol  and  ether, 
Tbey  do  not  give  either  the  biuret  test  nor  Millok's  reaction. 

Yeast  nucleic   acid   may  be   best   prepared  according   to   Alt3Iaxn/ 

2ach  1<X»0  c.c,  of  yea£t  is  treated  with  3250  c,c,  dilute  caustic  soda  of  about 

'3;f  for  five  minutes  at  the  temperature  of  the  room.     The  chief  portion  of 

the  sodium  hydrate  is  then  neutriilized  with  iiydrochloric  acid,  and  then 

acetic  acid  added  in  excess.     The  liquid  sepiirated  from  the  precipitated 

proteids  is  acidified  with  hydrochloric  acid  until  it  contains  3-5  p.  m.  IICI, 

^  md   then  mixed  with  an  equal  volume  of   alcohol  of  the  same  acidity. 

[mpnre  nucleic  acid  separates  out  and  may  bo  purified  by  disftolving  in 

ftmsioniacal    water  and  repeatedly   treating,   as   above,    with    acetic   acid, 

^hydrochloric  acid,  and  alcoboL 

The  method  of  preparing  thymus  nucleic  acid,  as  suggested  by  Kossel,* 

I  is  chiefly  as  follows:  Tlie  uucleohiston  (see  below)  of  the  watery  extract  of 
the  gland  is  split  by  baryta-water  and  the  barium  precipitate  boiled  with 
water  containing  acetic  acid  and  the  nucleic  acid  precipitated  from  the 
filtered  watery  extracts  by  alcohol  containing  hydrochloric  acid.  It  may  be 
j)nritied  by  solution  in  water,  containing  1  p.  m.  ammonia  and  reprecipita- 
tion  with  alcohol  containing  hydrochloric  acid. 

Salmon  nucleic  acid,  which  existfl  in  the  salmon-eperm  in  combination 

Hwith  the  base  protamin,  is  obtained,  according  to  Miesc^uer  ami  S<"Emiede- 

^Pbehg^  by  extracting  (cooliug  at  the  same  time)  with  hydrochloric  acid  of 

5  p.  m.,  which  dissolves  the  pro  tarn  iu.     The  residtie  is  then  extracted  by  a 

slight  excess  of  caustic  soda,  cooled  to  0''  C,  and  filtered,  precipitated  with 

•bydrocliloric  acid  and  alcohol,  the  precipitate  removed  quickly  by  means  of 
ceotrLfngal  force,  and  washed  witli  alcohol.     The  principle  of  the  prepara- 
tion of  guanylic  acid  is,  according  to  Bang,  to  split  the  pancreas  nucleo- 
^proteids  by  heating  with  dilute  alkali,  filtering  while  hot,  preeipitating  the 
Hnnclelc   acid  by  cooling  the  very  faintly  acidified    liquid.     If  necessary, 
^concentrate  the  fluid  slightly.    The  nucleic  acid  may  be  purified  by  repeated 
solution  in  hot  water  and  precipitating  by  cooling  or  by  repeated  solution 
ia  alkaline  water  and  repreclpitating  with  acetic  acid. 

Kueleoproteids  with  relatively  high  percentage  of  phosphor ns  and  of  a 
markedly  acid  character  occur  in  cell  nuclei.  According  to  the  generally 
accepted  view  they  are  combinations  of  proteids  with  nucleic  acid  and  yield 
cleavage  products  depending  upon  the  different  nucleic  acid  present.  They 
contain  relatively  considerable  proteid  in  the  molecule  and  hence  respond 


*  Du  Bola-Reymond*s  Ardi..  1889.  Phyaiol.  Abth.,  S.  524. 
»  Ber.  d.  deulseU.  chein.  Gtjsell&cb,,  Bd.  21,  S.  2315. 
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to  the  ordinary  proteid  reactioes  and  therefore  are  closely  related  to  tlie 
proteiils  in  their  behavior.  The  native  nncleoproteids  are  very  Ben^itite  to 
t'hemical  agents,  even  distilled  water,  and  are  therefore  readily  changed  by 
the  action  of  the  bodies  need  in  their  isolation.  This  is  the  essential  reMOZi 
why  onr  knowledge  of  the  native  proteids  is  at  present  so  limited.  The 
closest  studied  of  the  native  nncleoproteids  is  the  so-called  nacleohiston. 

Nucleohiston  is  the  name  given  by  Kossel  and  Lilibitfeld'  to  the 
niicleojiroteid  isolated  by  them  from  the  calf's  thynnis.  Its  compoeition  is: 
C  48.4G;  II  T.OO;  N  lO.Sij;  P  3,Ot>5;  S  0,701;  0  23.95,'^.  On  beating  its 
solution  it  splits  into  coagulated  proteid,  (>n  peptic  digestion  it  yields 
nnelein.  On  treating  with  hydrochloric  acid  of  0.8^  it  splits  into  nuclein 
and  a  proteid  substance  sohxble  in  hydrochloric  acid,  and  which  differs  from 
other  proteids  in  being  insoluble  in  an  excess  of  ammonia.  Kossel  has 
called  this  substance  hist  on, 

Niicleoliistori  is  precipitated  from  a  neutral  solution  by  means  of  acetic 
acid^  and  is  not  redissolved  by  an  excess  of  acetic  acid.  The  nentral  solu- 
tion is  precipitated  by  alcohol,  but  not  on  saturating  with  MgSO^.  Nncleo- 
histon  is  easily  dissolved  in  dilute  alkalies  or  alkali  carbonates.  It  is  soloble 
in  glacial  acetic  acid,  hydrochloric  and  sulphuric  acids.  The  relationship  of 
the  nucleins  and  histon  to  the  coagulation  of  the  blood  will  be  s|K>ken  of  in 
Chapter  Vl. 

Nucleohiston  is  prepared  by  precipitatiug  the  filtered  watery  extract  of 
the  ghiiid,  free  from  cellular  elements,  with  acetic  acid,  and  purifying  by 
repeated  solution  in  water  slightly  alkaline  with  soda  and  precipitatin^r  with 
acetic  acid.  Finally  it  is  washed  with  water  containing  acetic  acid  and  then 
with  alcohol,  then  extracted  with  cold  and  hot  absolute  alcohol  and  lastly 
witli  ether.  The  same  procednre  is  resorted  to  in  the  preparation  of  the 
native  nucleoproteids  in  general,  but  often  wutli  success,  extracting  with 
water  containmg  0.5  p.  m.  ammonia. 

The  compound  protekls*  ckacHhed  by  oilier  invesligators  under  ibe  tinTiies  ti$»ut 
fibrinogen  aod  reU  Jibrinofffn  are  lo  lie  coiisitiert'd  as  impure  nuoleobistou  or  bodi«*s  very 
closely  related  lbereL<>.  TLe  t^teylobm  uod  preglotniliu  desciibt^d  by  Ai^x,  ScawiDT  *  tis 
impnrLflnt  i-ell  coiislimeiils  also  belong  to  tbe  Kiime  ^roup  ns  I  lie  iiudeoliiston  Cytoplo- 
bln  is  to  be  coTiHidered  ns  ibe  alknli  <  oinbination  of  preglobidiD,  Ttje  residue  reinnunDg 
on  thii  coriip.ele  exbaustion  of  tbc  cells  wiib  alcobol,  water,  and  comnion-snlt  sohiliou  fi 
called  t}ilin  by  Alex.  8cumii>t.  Tbe  relaiioiiship  of  these  liodies  lo  ibe  coiigidation  of 
blood  will  be  spoken  of  in  Chapter  VI, 

Nucleini  nr  TuuE  Nucleins,     These  bodies  are  obtained  as  an  insoloble 

or  difficultly  soluble  reeidne  on  the  digestion  of  nucleoproteids  with  pepsin 

hydrochloric  acid.     They  are  rich  in  phosphoras,  about  b%  and  abore,  and 

according  to  Liebebmann  *  nietaphosphoric  may  ako  be  split  off  from  the 

true  nncleina  (yeast  nnclein).     The  nucleins  are  decomposed  into  proteid 

*  Zeitschn  f.  physlol.  Cliem,,  Bd,  18. 
•See  I  age  101. 
■Zur  Blutldire, 

*  Pflll^er's  Arcb..  Bd.  47. 
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ftud  aacleic  acid  by  caastic  alkiili,  iiml  as  di^Sereot  nucleic  acids  exist,  so 
there  aUo  exist  diftereat  Qacleiti^i.  As  previously  stuted,  proteids  may  be 
prt5eipitated  in  acid  solutions  by  nucleic  acids  and  in  this  way,  as  sliowii  by 
MiLiiuY,*  combinations  of  nucleic  acid  and  proteids  may  be  prepared  which 
bebavd  qaite  similar  to  true  nncleina.  All  nncleins  yield  xanthin  bodies  or 
niicfein  ba:ies^  so  called  by  Kossel,  on  boiling  with  dilute  acids.  The 
nncleins  contain  iron  to  a  considenible  extent.  They  act  like  rather  strong 
acidj. 

The  nucleins  are  colorless,  arnorphona,  insoluble,  or  only  slightly  soluble 
in  water.  They  are  insoluble  in  alcohol  and  ether.  Tliey  are  more  or  less 
readily  dissolved  by  dilute  alkalies.  Pepsin  hydrochloric  acid  or  dilnte 
mineml  ac^ds  do  not  dissolve  them,  or  only  to  a  slight  extent.  The 
uucleiiid  give  the  biuret  test  and  .Millon's  reaction.  They  show  a  great 
nffiuiiy  for  many  dyes,  eBpecially  the  basic  ones,  and  take  these  up  with 
ttviJity  from  watery  or  alcoholic  solutions.  On  biirnin*^  they  yield  an  acid 
coke  containing  nietaphosphoric  acid  and  which  is  very  ditHcult  to  consume. 
On  fusion  with  saltpetre  and  soda  the  nucleins  yield  alkali  phosphates. 

To  prepare  nucleins  from  cells  or  tissues,  first  remove  the  chief  mass  of 
roteids  by  artiHcial  digestion  with  jvepsiii  hydrochloric  acid,  hxjviate  the 

sidue  with  very  dilute  ammonia,  lilter,  and  precipitate  with  hydrochloric 
cid.     The  precipitate  is  further  digested  with  gastric  jnice,  washed  aud 

irified    by   alternately    dissolving    in    very    faintly   alkaline   water,    and 

Erecipttatiug  with  an  acid,  washing  with  water,  and  treatin":  with  alcoJiol- 
or.     A   nuclei n  may   be  |>re pared   more  simply  by   the   digestion   of  a 
iclt?o[»roteld.     In  the  detection  of  nucleins  we  make  use  of  the  above- 
Bscrihed  method  and   testing  for  phosphorus  in   the  product  after  fusing 
fith  Balt{ietre  and  soda.     Naturally  the  phospfiatea,  lecithins  (and  jecorin) 
last  first  be  removed  by  treatment  with  acid,  alcohol,  aud  etiier,  respect* 
►ely.     We  must  specially  call  attention  to  the  fact,  as  shown  by  Lieber- 
LXX,*   of   the   very  great  difficulty  in  removing  locitfiin    by  means   of 
>hol-ether.     Xo  exact  methods  are  known  for  the  quantitative  estimation 
^f  nttcleins  in  organs  or  tissues. 

^H  Pl*itin.— Oti  the  s^Ouiion  of  the  nucleins  from  ct*ll  tmclei  of  cerUhi  planta  iu  dikito 
^fcdik  froiutkm  a  residue  is  obtained  which  is  cliaracterized  by  its  i^real  insolubUily.  Thii 
^Kb^Unci;  which  forms  Ihis  rei^idiie  hns  bewi  calltHl  piristjn.  This  snbslaut'e,  of  wlifch 
^Kf  dpotigio|>ln»iii  of  llie  ianiy  of  tfie  ceU  un<i  tlie  ducUmi^!  gtuoules  are  alleged  to  be  rotii- 
^Kr^o).  h  roiisiJered  m  a  tiitdein  QioditicuLion  of  ^reat  tusolubilify,  nHhough  its  ualure  Is 
^Kt  known. 

^^     Among  the  decomposition  products  of  nuclein  snbstanees  the  nnclein 

baitfl  or  xanthin  bodies  are  of  especially  great  interest. 

Hnclein  bases,  Alloxltuu  basks,  pukix  bases,  xanthix  booiks.  With 
^bese  names  we  designate  a  group  of  bodies  consisting  of  atrbon,  hf/drof/eUy 
^^iro//tfH^  and  in  most  cases  also  of  oj-ijgen^  which,  by  their  composition, 

show  a  relationship  not  only  among  themselves,  bat  also  with  nric  acid. 

»  Zeitscbr.  f.  physiul  Chem..  Bd.  33. 
■Pflttger's  Arcb,,  Bd.  5-1. 


114  THB  ANIMAL  CELL. 

All  these  bodies,  nric  acid  included,  are  considered  as  consisting  of  an 
alloxnric  and  an  urea  nacleus,  and  for  this  reason  Eossel  and  Erugeb  hare 
called  them  allozuric  bases j  or  the  entire  group,  including  nric  acid,  allozuric 
bodies.  According  to  E.  Fischer,*  who  has  not  only  shown,  in  several 
^ays,  the  close  relationship  of  uric  acid  to  this  group,  bat  has  also  prepared 
a  number  of  the  members  of  this  group  synthetically,  they  are  all  derived 
from  a  combination  C.H^N^,  puritij  having  a  carbon-nitrogen  nucleus, 
the  purin  nucleus,  as  basis.  Purin.  according  to  Fischer,  has  the  formula, 
X=CH 

HC         C— NHv 

II  II  >>CIH,  and  the  different  purin  bodies  are  derived  therefrom 

N—    C—  N  ^ 
by  the  substitution  of  the  various  hydrogen  atoms  by  hydroxyl,  amid,  or 
alkyl  groups.     In  order  to  signify  the  different  positions  of  substitution 
Fischer  has  proposed  to  number  the  nine  members  of  the  purin  nucleus  in 
the  following  way : 

IN— C6 

26  5C— N7v 
I      I  >C8. 

3N— C— N  ^ 
4       9 

HN-CO 

I         I 
CO       C-NHv 
For  example:    uric  acid,       |  J|  yCO,     is    2,    6,    8-trioxypuriD,    adenin 

N=C.NH,  HN-CO 

HC     C-NHy  COC— N.CH. 

II      II  )CH  =  6  amidopurin,  and  heteroxanthin       I       11        Xrirr  =  7  methvl- 

M-C-  n/  HN-C~N/^^ 

2,  6  dioxypiiriu,  etc. 

The  sturtiug-point  used  by  Fibcheu  for  tlie  synthetical  preparation  of  the  purin  bases 
was  2,  6,  8  tricTiiorpuriu.  which  is  obtained,  with  8oxy-2,  6-dichlorpurin  as  intermedi- 
ary i)roiiiict8,  from  potassium  urate  and  phosphorus  oxychloride.  The  close  rehition 
between  uric  acid  and  the  uuclein  bases  follows  from  the  fact,  as  shown  by  Suhdvik,* 
that  two  bodies  may  be  obtained  on  the  reduction  of  uric  acid  in  alkaline  solution, 
which,  altltough  not  quite  identical  with  xunthiu  and  hypoxanthin,  are  at  least  very 
similar  thereto.  Gautieii*  claims  to  have  prepared  xanthin  synthetically  by  beating 
hydrocyanic  acid  with  water  and  acetic  acid.* 

*  See  Fischer,  Ber.  d.  deutsch.  chem.  Gesellsch.,  Bd.  80. 
«  Zeitschr.  f.  physiol.  Chem..  Bd.  23. 

*  Compt.  rend  ,  Tome  98,  p.  1523,  and  Ber.  d.  deutsch.  chem.  Gtesellsoh.,  81. 

*  E.  Fischer  gives  a  very  instructive  summary  and  review  of  his  investigations  on  the 
purin  bodies  and  the  most  important  chemical  facts  in  regard  to  this  subject  fn  Ber.  d» 
deutsch.  chem.  Gesellsch.,  Bd.  82,  S.  535. 
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The  |mrin  bodies  or  alloxnTic  bodies  fooTi4  in  the  snimal  body  or  its 
extract  are  as  follows:  uric  acid,  xanthiriy  hettroxanthin  {7-methylxanthin), 
\*m€thylxanihi}h  paraxanihin  (1,  T-dimethylxanthin),  guajiin^  epiguanin^ 
^K^ypoxanthin  (sarkin),  episarkin^  adenln,  and  carum.  The  bodies,  fheo- 
^mramin  (3,  T-dimethylxanthin),  theophylin  (1,  3-diniethylxanthln),  and 
^^o^ein  (t,  3,  7-tri methyl xan thin)  occorring  in  the  vegetable  kingdom  stand 
^m  close  relationship  to  this  gronp. 

The  composition  of  these  bodies  occurHiig  in  the  aDimal  hoily  is  as  follows  : 

Uricridd CJI,N,0» 

Xiiiithiii (\n,N*0, 

UpternxRuihiD  and  l-iDethylxauthin Ci,li«N40i 

Furaxuutbiii, , CtH«iN<0, 

Guimin CJI.N^O 

Hypoxiintbin.. CJI^N^O 

Adeiiin   ..   ,... CHtNi 

Episftrkin  , C«lLN.O  (t) 

CWniD CMl.N.Oj 

EpiguuDin C'lelliiN^Oi 


Salomon  had  shown  the  occnrrence  of  xanthin  bodies  in  yotrng 
cells  the  importance  of  the  xanthin  bodies  as  decomposition  prodacts  of  cell 
nnclei  and  of  nucleina  was  shown  by  the  pioneering  researches  of  Kossel, 
who  discovered  adenin  and  theophyllin.  Kossel  gave  them  the  name 
nnclein  buses.  In  those  tiBBiies  in  which,  as  in  the  glands,  the  cells  have 
kept  their  original  state  the  nnclein  bases  are  not  found  free,  but  in  com- 
bination with  other  atomic  groups  (nucIeinB).  In  such  tissue,  on  the 
contrary,  as  in  muscles,  which  are  poor  in  cell  nuclei,  the  nuclein  bases  are 
fonnd  in  the  free  state.  As  the  nuclein  bases,  as  suggested  by  Kossel, 
stand  in  close  relationship  to  the  cell  nucleus,  it  is  easy  to  understand  why 
the  quantity  of  these  bodies  is  so  greatly  increased  when  large  quantities  of 
nncleated  cells  appear  in  such  places  m  were  before  relatively  poorly 
endowed.  As  an  example  of  this  w©  have  in  leucaemia  blood  extremely  rich 
in  leucocytes.  In  such  blood  KostHKL'  fonnd  1,04  p.  m.  nucleiu  bases, 
mgainst  only  traces  in  the  normal  blood.  That  the  nuclein  bases  are  also 
intermediate  steps  in  the  formation  of  urea  or  uric  acid  in  the  animal 
organism  is  probable,  and  will  be  shown  later  (see  Chapter  XV), 

I        Only  a  few  of  the  nuclein  bases  have  been  found  in  the  urine  or  in  the 

I  muscles.  Only  four  bases — ^xanthin,  guanin,  hypoxanthin,  aud  adeoin — 
have  been  obtained,  thus  far,  as  cleavage  products  of  nucleins.     In  ret;iird 

,  to  the  other  purin  bodies  we  refer  the  reader  to  their  respective  chapters. 

I  Only  the  above  four  bodies,  tlie  real  nuclein  bases,  will  be  treated  of  at  this 
time. 
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Of  tliesefour  bodies  the  zauthio  and  guanin  form  one  special  group  aud  hypoxantLin 
and  adcuiu  another.  By  the  action  of  nitrous  acid  guanin  is  converted  into  xauthiu  and 
adeniu  into  hypoxantiiin. 

C.H4N4O.NH  +  HKO,  =  C.H4K4O,  -f  N,  4-  H,0 ; 
Guanin  Xantbin 

C4H4N4.NH  -f  HNO,  =  C,H4N40   -f  N,  -H  H.O. 
Adenin  Hypoxanthln 

By  putrefaction  guanin  is  converted  into  xantbin  and  adenin  into  bypozanthin.  On 
cleavage  with  hydrochloric  acid  all  four  of  the  bodies  are  converted  into  ammonia, 
glycocoU,  carbon  dioxide,  and  formic  acid.  On  oxidation  with  hydrochloric  acid  aod 
potassium  chlorate  xantbin,  bromadenin,  and  brombypoxanthin yield  alloxan  and  urea; 
cuuniu  yields  guanidin,  purabauic  acid  ^an  oxidation  product  of  alloxan),  and  carbon 
dioxide. 

The  naclein  bases  form  crystalline  salts  with  mineral  acids,  which  are 

decomposed  by  water  with  the  exception  of  the  adenin  salts.     They  are 

easily  dissolved  by  alkalies,  while  with  ammonia  their  action  is  somewhat 

different.     They  are  all  precipitated  from  acid  solution  by  phospho-tnngstic 

acid,  also  they  separate  as  a  silver  combination  on  the  addition  of  ammonia 

and  ammoniacal  silver-nitrate  solntion.     These  precipitates  are  solable  in 

boiliug  nitric  acid  of  1.1  sp.  gr.     All  xanthin  bodies  with  the  exception  of 

caffein  and  theobromin  are  precipitated  by  Fehlikg's  solution  (see  Chapter 

XV)    in   the   presence  of    a  reducing    substance    such  as  hydroxy lamin 

(Drecusel  and  Balke).     Copper  sulphate  and  sodium  bisulphite  may  also 

be  used  to  advantage  in  their  precipitation  (Kruger  *).     This  behavior  of 

the  xanthin  bases  is  made  use  of  to  the  same  advantage  as  the  silver  solution 

in  their  precipitation  and  preparation. 

HN— CO 

I         I 
CO      C— NHv 

Xanthin,  CjlIiNiOa  =1         ||  /)CII  =  2,  6-dioxypurin,  is  found 

HN— C— N    '^ 

in  the  muscles,  liver,  spleen,  pancreas,  kidneys,  testicles,  carp-sperm, 
thyniiis,  and  brain.  It  occurs  in  small  quantities  as  a  physiological  constit- 
uent of  urine,  and  it  has  been  found  rarely  as  a  urinary  sediment  or 
calculus.  It  was  first  observed  in  such  a  stone  by  Marcet.  Xanthin  is 
found  in  larger  amounts  in  a  few  varieties  of  gnano  (Jarvis  guano). 

Xanthin  is  amorphous,  or  forms  granular  masses  of  crystals  or  may  also, 
according  to  Horbaczewski  '  separate  as  masses  of  shining,  thin,  large 
rhombic  plates  with  1  mol.  water  of  crystallization.  It  is  very  slightly 
soluble  in  water,  in  14,151-14,600  parts  at  -f-  10^  C,  and  in  1300-1500 
parts  at  100°  C.  (Almen').  It  is  insoluble  in  alcohol  or  ether,  but  is 
readily  dissolved  by  alkalies  and  with  difficulty  by  dilute  acids.  With 
hydrochloric   acid   it   gives   a  crystalline,  difficultly   soluble   combination. 

'Balke,   ziir  Keiinlniss  dcr  Xnntliinkftrper,  Inaug.-Dias.     Leipzig,   1898; — KrUger, 
Zeitsclir.  f.  phyisiol.  ('hem..  Bd.  18. 
«  Zeiusciir.  f.  physiol.  Cbom..  Bd.  23. 
»  Jouru.  f.  prakl.  Chein  ,  Bd.  96. 
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With  very  little  caustic  soda  it  givea  a  readily  crystal! izable  combiuation, 
which  is  easily  dissolved  by  an  excess  of  alkali.  Xanthin  djggulved  in 
ammouia  gives  wikli  silver  nitrate  an  insohible,  gelatinous  precipitate  of 
xanihin  silver.  This  precipitate  is  dissolved  by  hot  nitric  acid,  and  by  this 
means  an  easily  soluble  crystalline  double  combination  is  formed,  A  watery 
xtmthin  sokitio!!  ia  precipitated  on  boiling  with  copper  acetate.  At 
ordinary  temperatares  xanthin  is  precipitated  by  mercuric  chloride  and  hj 
animoniacal  basic  lead  acetate.  It  Is  not  precipitated  with  basic  lead 
acetate  alone. 

When  evaporated  to  dryness  in  a  porcelain  dish  with  nitric  acid  xanthin 

ivea  a  yellow  residae,  which  turna,  on  the  addition  of  caustic  soda,  first 

red,  and,  after  heating,  purple-red.     If  we  add  some  chloride  of  lime  to 

^6ome  caustic  soda  in  a  porcelain  dish  and  add  the  xanthin  to  this  mixture, 

^■at  first  a  dark  green  and  then  quickly  a  brownish  halo  forma  around  the 

^nanthin   grains   and   then   disappears    (IIoppe-Seyleu),      If    xanthin    be 

iK warmed  in  a  small  vessel  on  the  water-bath  with  chlorine- water  and  a  trace 

of  nitric  acid  and  evaporated  to  dryness,  when  the  residue  is  exposed  under 

^fta  bell-jiir  to  the  vapors  of  ammonia  a  red  or  pnrple* violet  color  is  produced 

(B^Weidel's  reaction).     E.  Fischek'  has  modified  Weidel\s  reaction  in  the 

following  way.     He  boils  the  xanthin  in  a  test-tube  with  chlorine-water  or 

with  hydrochloric  acid  and  a  little  potassium  chlorate,  then  evaporates  the 

liquid  carefully  and  moistens  the  dry  residue  with  ammonia. 

i  HN— CO 


Gnanin,  C.H.N^O  =  (IIN)C      C— NH 

I        II        \cH  -  ^> 


Amino  *  6  -  oxypnrin. 


I^nanin  is  found  ifi  organs  rich  in  cells,  such  as  the  liver,  spleen,  pancreas, 
lesticles,  and  in  salmon-aperm.  It  is  further  found  in  the  muscles  (in  very 
Brnall  amount?),  in  the  scales  and  in  the  air- bladder  of  certain  fislies  as 

liridescent  crystals  of  guaniu  lime;  in  the  reiimt  epltheUum  of  fishes,   in 

[  g'oano,  and  in  the  excrement  of  spiders  it  is  found  as  chief  constituent     It 
i.}so  occurs  in  human  and  pig  urine.     Under  pathological  conditions  it  has 

kl>een  found  in  leucsemic  blood,  and  in  the  moaclea,  ligaments,  and  articuln- 
liona  of  pigs  with  guanin  gout. 

Guaniu  is  a  colorless,  ordinarily  amorphous  powder  which  may  be 
obtained  as  small  crystals  by  allowing  its  solution  in  concentrated  ammorua 
to  spontaneously  evaporate.     According  to  IIorbaczewski  it   may  under 

leertain  conditions  appear  in  crystals^  similar   to  f-eratiniu   zinc  chloride. 

fit  is  nearly  insoluble  in  water,  alcoholt  and  ether.     It  ia  rather  easily  dis- 
solved by  mineral  acids  and  readily  by  alkalies,  but  it  dissolves  with  great 
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difficalty  in  ammonia.     According  to  Wulff*  100  c.c.  of  cold  ammoniA 
eolation  containing  1,  3,  and  5^  NH,  dissolve  9,  15,  and  19  milligrammes 
gaanin  respectively.     The  solnbility  is  relatively  increased  in  hot  ammonia 
solution.     The  hydrochloric-acid  salt  readily  crystallizes,  and  this  has  been 
recommended  by  Eossel'    in  the  microscopical  detection  of  gnanin  on 
account  of  its  behavior  to  polarized  light.     The  sulphate  contains  2  mols. 
water  of  crystallization,  which  is  completely  expelled  on  heating  to  120**  C, 
and   for  this  reason  as  well  as  the  fact  that  guanin  yields  gnanidin  on 
decomposition  with  chlorine-water  differentiates  it  from  6-amino-2-oxyparin, 
which  is  considered  as  an  oxidation  product  of  adenin  and  possibly  occnrs 
as  a  chemical  metabolic  product  (E.  Fischbb).     The  6-amino-2-oxypurm 
sulphate  contains  only  1  mol.  water  of  crystallization,  which  is  not  expelled 
at  120°  C.     Very  dilute  guanin  solutions  are  precipitated  by  both  picric 
acid  and  metaphosphoric  acid.     These  precipitates  may  be  used   in  the 
quantitative  estimation  of  guanin.     The  silver  combination  dissolves  with 
difficulty  in  boiling  nitric  acid,  and  on  cooling  the  double  combination 
crystallizes  out  readily.     Guanin  acts  like  xanthin  in  the  nitric-acid  test, 
but  gives  with  alkalies  on  heating  a  more  bluish-violet  color.     A  warm  solu- 
tion of  guanin  hydrochloride  gives  with  a  cold  saturated  solution  of  picric 
acid  a  yellow  precipitate  consisting  of  silky  needles  (Capranica).     With  a 
concentrated  solution  of  potassium  bichromate  a  guanin  solution  gives  a 
crystalline,  orange-red  precipitate,  and  with  a  concentrated   solution  of 
potassium  ferricyanide  a  yellowish-brown,  crystalline  precipitate  (Capra- 
kica).     The  composition  of  these  and  other  guanin  combinations  has  been 
studied  by  Kossel  and  Wulff.'     Guanin  does  not  give  Wbidel*s  reaction. 

HN— CO 

Hypoxanthin  or  Sarkin,  C.H4N4O  =  HC     C— NH 

N_C_N^OH  =  e-oxypurin. 

This  body  is  found  in  the  same  tissues  as  xanthin.  It  is  especially  abun- 
dant in  the  sperm  of  the  salmon  and  carp.  Hypoxanthin  occurs  also  in  the 
marrow  and  in  very  small  quantities  in  normal  urine,  and,  as  it  seems,  also 
in  milk.  It  is  found  in  rather  considerable  quantities  in  the  blood  and 
urine  in  leucaemia. 

Hypoxanthin  forms  very  small  colorless  crystalline  needles.  It  dissolves 
with  difficulty  in  cold  water,  but  the  statements  in  regard  to  the  solubility 
therein  are  very  contradictory.*     It  dissolves  more  readily  in  boiling  water, 

>  Zeitschr.  f.  physiol.  Chem.,  Bd.  17. 

*  Ueber  die  chem.  Zusammenselz  der  Zelle,  Verb.  d.  physiol.  G^esellsch.  zu  Berlin, 
1890-91.  Nos.  5  and  6. 

*  Zeitschr.  f.  physiol.  Chem..  Bd.  17 ;  Capranica,  ibid.,  Bd.  4. 

*  See  E.  Fischer,  Ber.  d.  deutech.  chem.  Gesellsch.,  Bd.  80. 
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I  about  70-BO  parts.  It  ib  nearly  insoluble  in  alcohol,  but  is  dissolved  bj 
:;Ids  and  alkalies.  The  combination  witli  hydrochloric  acid  is  crystallinoi 
but  is  more  soluble  than  the  corresponding  xanthin  combination.  This 
ombination  is  easily  sol  able  in  dilate  alkalies  and  ammonia.  The  silrer 
ombination  dissoWes  with  difficulty  in  boiling  nitric  acid.  On  cooling  a 
lixtnre  of  two  hypoxantbin  silver-nitrate  combinations  not  having  a  con- 
it  composition  separates  out.  On  treating  this  mixture  with  ammonia 
ad  excess  of  silver  nitrate  in  the  warmth,  a  hypoxantbin  silver  combination 
formed  which  when  dried  at  VKf  C.  has  a  constant  composition, 
J(C\H,Ag,X^O)II,0,  and  which  is  used  in  the  quantitative  estimation  of 
piypoxanthin.  Hypoxantbin  picrate  is  soluble  with  difficnlty,  but  if  a 
[>iliiig-hot  solution  of  the  same  ia  treated  with  a  neutral  or  only  faintly 
acid  solution  of  silver  nitrate  the  hypoxantliin  is  nearly  quantitatively  pre^ 
cipitated  as  the  compound  C,lI,AgN\OX\H,(NO,),0U,  llypoxanthin 
does  not  yield  an  insoluble  compound  with  metaphosphoric  acid*  When 
treated,  like  xanthin,  with  nitric  acid  it  yields  a  nearly  colorless  residue 
vbich  on  warming  with  alkali  does  not  turn  red.  Hypoxantbin  does  not 
give  Weidel's  reaction.  After  the  action  of  hydrochloric  acid  and  zinc  a 
Iijpoxanthin  solution  becomes  first  ruby-red  and  then  brownish  red  in  color 
on  the  addition  of  an  excess  of  alkali  (Kossel).    According  to  E.  Fischer  ' 

td  coloration  occurs  even  in  the  acid  solution. 
K=C.Nn, 


Adenin,  C.H.N.  =  irc     C— NH 


\. 


CH  =  6-aminopurin  was  first  found 
N=C—  N  ^ 

by  Kossel'  in  the  pancreas.  It  occurs  in  all  nucleated  cells,  but  in 
greatest  quantities  in  the  sperm  of  the  carp  and  in  the  thymns.  Adenin 
has  also  been  found  in  leuca^mic  urine  (Stajjthaoen  ').  It  may  be  obtained 
in  large  quantities  from  tea-leaves. 

Adenin  crystallizes  with  3  mol.  water  of  crystallization  in  long  needles 
which  become  opaque  gradually  in  the  air,  but  much  more  rapidly  when 
warmed.  If  the  crystals  are  warmed  slowly  with  a  quantity  of  water 
influfficient  for  solution,  they  become  suddenly  cloudy  at  53"*  C,  a  charac- 
teristic reaction  for  adenin.  It  dissolves  in  1086  parts  cold  water,  bot  ia 
easily  soluble  in  warm*  It  is  insoluble  in  ether,  but  somewhat  soluble  in 
hot  alcohol.  Adenin  is  easily  soloble  In  acids  and  alkalies.  It  is  more  easily 
■olable  in  ammonia  solution  than  gnanin^  but  less  soluble  than  bypoxanthin. 
The  silver  combination  of  adenin  is  difficultly  soluble  in  warm  nitric  acid, 
and  depoaita  on  cooling  as  a  crystalline  mixture  of  adenin  silver  nitrates. 


»  Kossel,  Zeitscbr.  f.  physiol.  Cbem.,  Bd,  12.  8.  353  \  E.  Fiacher,  1.  c. 
•  Bee  Zeitscbr.  f,  physlol,  Cbem.,  Bdd.  10  aod  12. 
■  Vlrchow'fl  Arcli.,  Bd.  109. 
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With  picric  acid  adenin  forms  a  compooDd,  C,njN,.C^H,(XOj),0n,  wlitch 
is  very  inBoliible  und  wliicli  separateB  more  readily  than  the  hypoxantljm 
picrate  and  which  can  be  nsed  in  ih^  quantitative  estimation  of  adeum. 
We  aUo  have  an  adenin  mercarj  picrate.  Adenin  gives  a  precipitate  which 
dissolves  in  an  excess  of  the  acid,  with  metaphoBp boric  acid,  if  the  soktion 
is  not  too  dilote.  Adenin  hydrocliloride  gives  with  gold  chloride  a  <]orbl^ 
comhiDation  which  consists  in  part  of  leaf-sliaped  aggregations  and  iu  )wt 
of  cnbical  or  prismatic  crystals,  often  with  roonded  corners*  This  com- 
ponnd  is  nsed  in  the  microscopic  detection  of  adenin.  With  the  nitric*acid 
test  and  with  Weidel's  reaction  adenin  acts  in  the  same  way  as  hypos 
thin.  The  same  is  trne  for  its  behavior  to  hydrochloric  acid  and  zinc  J 
stibaeqaent  addition  of  alkali* 

The   principle  for  the  preparation   and  detection  of  the   four  above- 
desf^ibed  xanthin  bodies  in  organs  and  tisanes  is,  according  to  KossELand 
his  pupils,  as  follows:  The  finely  divided  organ  or  tissue  is  boiled  for  three 
or  four  hours  with  sulphuric  acid  of  abont  5  p.  m.     The  filtered  liquid  i& 
freed  from  proteid  by  basic  lead  acetate,  and  the  new  filtrate  is  treated  with 
fiulpiiurett€Hl  hydrogen  to  remove  the  lead,  again    filtered,  concentrated, 
and,   after  adding  an  excess  of   ammonia,  precipitated  with   ammoniiical 
silver  nitrate.     The  silver  combination  (with  the  addition  of  some  urea  to 
prevent  nitrification)  is  dissolved  in  not  too  large  a  quantity  of  boiling  nitric 
acid  of  sp.  gr.  U,  and  this  solution  filtered  boiling  hot.     On  cooling  the 
xanthin  silver  remains  in  the  solution^  while  the  double  combination  ol 
guanin,  hypoxauthin,  and  adenin  crystallizes  ouL     The  xanthin  silver  may 
be  jirecipitated  from  the  filtrate  by  the  addition  of  ammonia,  and   the 
xanthin  set  free  by  means  of  snlpiinretted  hydrogen.     The  three  aliove- 
mentioned   silver   nitrate   combinations    are    decomposed    in    water   with  fl 
ammonium  sulphide  and  heat;  the  silver  sulphide  is  filtered,  the  filtratt" 
concentrated,  saturated  with    ammonia,   and   digested  on  the  water-bath, 
The  guanin  remains  nndissolved,  while  the  other  two  bases  pass  into  solu- 
tion.    A  part  of  the  guanin  is  still  retained  by  the  silver  sulphide,  and  may 
be  liberated  by  boiling  it  with  dilute  hydrochloric  acid  and  then  saturating^ 
the  filtrate  with  ammonia.     When  the  above  filtrate,  containing  the  adeninj 
and  hypoxanthin,  which  has  been,  if  necessary,  freed  from  ammonia  by 
evaporation,  is  allowed  to  cooh  tlie  adenin  separates,  while  the  hypoxanthin 
remains  in  solution.     According  to  Balke  '  we  can  to  advantage  precipitate 
the  xanthin  bases  with  copper  salt  and  hydroxylamin  as  above  mentioned 
and  then  further  separate  the  bodies. 

The  prominent  points  in  the  above  method  are  made  use  of  in  the  qnan* 
titative  estimation  of  xanthin  bodies.  The  xanthin  is  weighed  as  xanthin 
silver.  The  three  silver  nitrate  combinations  are  transformed  into  the 
corresponding  silver  combination  by  the  addition  of  ammonia  with  eiker 
nitrate  and  then  this  acted  on,  after  thorough  washing,  by  ammonium 
Bulphide.  Cruanin  is  weighed  ae  snch.  The  ammoniacal  filtrate  containing 
the  atlenin  and  hypoxanthin,  and  which  must  not  he  mixed  with  the  hydro- 
chloric-acid extract  of  the  silver  sulphide,  is  neutralized  and  treated  with  a 


PREPARATION  OF  NUCLBIN  BASE 


1?1 


I 


I 


cold  concentrated  solation  of  sodiam  picrata  tintil  the  soltition  is  pro- 
nonucedly  yellow.  The  adenin  picrate  is  filtered  off  immediately,  washed 
on  the  filter  with  water,  dried  at  above  100^  C,  and  weighed.  The  filtrate 
contaicLing  the  hypoxanthin  ia  gradually  treated,  while  boiling  hot,  with 
BiWer  nitrate,  and  wlien  cold  treated  with  silver  nitrate  to  see  whether 
precipitation  has  been  complete.  The  hy])Oxanthin  picrate  ia  washed,  dried 
at  100**  C,  and  weighed.  In  regard  to  the  compogition  of  these  compounds 
ae^  pages  119  and  120.  This  method  of  separating  adenin  and  hypoxanthin 
presupposes  that  the  liquid  does  not  contain  any  hydrochloric  acid. 

The  above  method  of  separation  with  ammonia  does  not  give  exact 
resuUa  on  account  of  the  not  iocoDBiderable  solubility  of  guanin  in  warm 
ammonia.  According  to  Kohsel  and  Wulff  '  the  gnanin  may  therefore  be 
precipitated  from  snfficiently  dilute  solutions  by  an  excess  of  n^etaphos- 
plioric  acid  and  the  nitrogen  determined  in  the  washed  precipitate  by 
Kjeldahl's  method.  The  adenin  and  hypoxanthin  may  be  precipitated 
from  the  filtrate  by  ammoniacal  silver  nitrate*  The  s-ilver  compound  is 
decomposed  with  very  dilute  hydrochloric  acid  and  the  adenin  separaleJ 
from  tlie  hypoxanthin  according  to  t!ie  suggestion  of  Bru jins." 

Jtlineral  hodies  are  never-failing  constituents  of  the  cell.  These  mineral 
bodies  are  potassium,  aodiam,  calciam,  magnesium,  iron,  phosphoric  acid, 
and  chlorine.  In  regard  to  the  alkalies  we  find  in  general  in  the  animal 
organism  that  the  sodium  combinations  are  more  abundant  in  the  fiuids, 
and  the  potassium  combinations  in  the  form-constituents  and  in  the  proto- 
plasm. Corresponding  to  this  tlie  cell  contains  potfisaium,  chiefly  as  phos- 
phate, while  the  sodium  and  chlorine  combinations  occur  less  abundantly. 
According  to  the  ordinary  views  the  potassium  combinations,  especially  the 
potassium  phosphate,  are  of  the  greatest  importance  for  the  life  and 
development  of  the  cell,  oven  though  we  do  not  know  the  nature  of  the 
importance. 

In  regard  to  the  phosphoric  acid  there  seems  to  be  no  doubt  that  its 
importance  lies  chiefly  in  that  it  takes  part  in  the  formation  of  lecithins  and 
nncleins  and  thereby  indirectly  makes  possible  the  processes  of  growth  and 
division,  which  are  dependent  upon  the  cell  iiucleas.  Loew  '  has  shown, 
by  means  of  cultivation  experiments  on  algip  Spirogyra,  that  only  on  the 
supplying  of  phosphate  (in  his  experiments  potassium  phosphate)  was  the 
natrition  of  the  cell  nncleus  made  possible,  and  thereby  the  growth  and 
division  of  the  cells.  The  cells  of  the  Spirogyra  can  be  kept  alive  and 
indeed  prodace  starch  and  proteids  for  some  time  without  a  supply  of 
phosphates,  but  its  growth  and' propagation  soUer. 

Iron  seems  to  occur  especially  in  the  nucleus,  because  the  nucleins  are 
Tery  rich  therein.  The  regular  occarrence  of  earthy  phosphates  in  all  cells 
and  tissaes,  as  also  the  difiicolty  or  rather  the  impossibility  of  separating 


'  Zeitschn  L  physiol.  Cbeci.,  Bd,  17. 

♦  JbUL,  Bil  14   B.  559. 

'  Biologiscbes  Ceurrftlbl.,  Bil.  U.  1891,  S.  ^9. 
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these  bodies  from  the  protein  bodies  without  modifying  them,  leads  to  the 
supposition  that  these  mineral  bodies  are  of  unknown  but  nevertheless  great 
importance  for  the  life  of  the  cell,  as  well  as  the  chemical  processes  going 
on  within  them.  The  necessity  of  lime  salts  for  plants,  with  the  exception 
of  certain  lower  forms,  has  been  shown  by  the  investigations  of  Loew' 
and  others. 

>  See  Botanisches  Centralbl.,  Bd.  74. 
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The  blood  is  to  be  considered  from  a  certain  standpoint  as  a  Hold  tisane, 
and  it  consists  of  a  transparent  liquid,  the  hlood-plasma^  in  which  a  vast 
nnmber  of  solid  particles,  the  red  and  white  biood'carpuscles  (and  the  bhod- 
plated)  are  finsjierided.  We  also  find  in  blood  grannies  of  different  kiads, 
which  are  to  be  considered  as  transformation  products  of  the  form -elements.* 

Onteide  of  the  organism  the  blood,  as  is  well  known,  coagnlates  more  or 
less  qoickly;  bnt  this  coa^nlation  is  accomplished  generally  in  a  few  minntea 
after  leaving  the  body.  All  varietiea  of  blood  do  not  coagnlate  with  the 
same  degree  of  rapidity.  Some  coagnlate  more  quickly,  others  more  slowly. 
In  vertebrates  with  nucleated  blood  corpuscles  (birds,  reptiles,  batrachia> 
and  fiahes)  Delezenne"  has  shown  that  the  blood  coagulates  very  slowly, 
if  it  is  collected  under  precautions  so  that  it  does  not  come  in  contact  with 
the  tissnes.  Ou  contact  with  the  tissues  or  with  the  tissue  extract  they 
coagnlate  in  a  few  minutes.  The  blood  of  non -nucleated  blood-corpuscles 
(mammals)  coagulates,  on  the  contrary,  very  rapidly.  Among  the  varieties 
of  blood  of  mammals  thus  far  investigated  the  blood  of  the  horse  coagulates 
most  slowly.  The  coagulation  may  be  more  or  less  retarded  by  quickly 
cooling;  and  if  we  allow  equine  blood  to  flow  directly  from  the  vein  into  a 
glass  cylinder  which  is  not  too  wide  and  which  has  been  cooled,  and  let  it 
etand  at  0''  C,  the  blood  may  be  kept  tin  id  for  several  days.  An  upper, 
amber-yellow  layer  of  plasma  gradually  separates  from  a  lower,  red  layer 
composed  of  blood -corpuscles  with  only  a  little  plasma.  Between  these  we 
observe  a  whitish -gray  layer,  which  consists  of  white  blood -corpuscles. 

The  plasma  thus  obtained  and  filtered  is  a  clear  amber-yellow  alkaline 
liquid  which  remains  fluid  for  some  time  when  kept  at  0°  C,  but  soon 
coagulates  at  the  ordinary  temperature. 

The  coagulation  of  the  blood  may  be  prevented  in  other  ways.  After 
the  injection  of  peptone  or,  more  correctly,  albumose  solutions  into  the 
blood  (in  the  living  dog),  the  blood  does  not  coagulate  on  leaving  the  veins 
(Fano,  ScHMiOT-MuLriEiM*)*     The  plasma  obtained  from  such  blood  by 

*  See  Lalscheoberger^  Wien.  Sit'/uo^sben,  Bd,  105, 
'  Coiiipt.  reud.  Soc.  du  BloL.  Tome  49. 

■Fauo,  Du  Bois-Reyinoad'sArck.,  182^1;  Schmldl-Mullieiui.  i^^.,  1880. 
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means  of  centrifagal  force  is  called  ^^  peptoiie-plastnu/^  According  to 
ARTifUS  and  UuREit'  the  caseosea  and  gelatoaea  act  similar  to  fibrin  alba- 
moses  in  dogs.  The  coagulation  of  the  blood  of  warm-blooded  animals  is 
prevented  by  the  injection  of  an  effusion  of  the  mouth  of  the  officinal  leech 
into  the  bio  ml -current  (Haycraft*).  If  we  allow  the  blood  to  How 
directly,  while  we  stir  it,  into  a  netitral  salt  solntion — best  a  eatunUed 
magneaiuni'Bulphate  solution  (1  vol.  salt  solution  and  3  toIs,  blood )^ — we 
obtain  a  mixture  of  blood  and  salt  which  remains  iincoagulated  for  several 
days.  The  blood -corpuscles  which,  because  of  their  adhesiveness  and 
elasticity^  would  otherwise  pass  easily  through  the  pores  of  the  filter-paper 
are  made  solid  and  stiff  by  the  salt,  so  that  they  may  be  easily  filtered. 
The  plasma  thns  obtained,  which  does  not  coagulate  spontaneously,  is  called 

An  especially  good  method  of  presenting  coagulation  of  blood  consists 
in  drawing  the  blood  into  a  dilute  solution  of  potasflium  oxalate,  so  that  the 
mixture  contains  0.1  <-  oxalate  (Akthts  and  Pagj^s').  The  soluble  calcium 
salts  of  the  blood  are  precipitated  l>y  the  oxalate,  and  hence  the  blood  loses 
its  coagulability.  i>n  the  other  hand  Horne*  found  that  chlorides  of 
calcium,  barium,  and  strontium,  when  present  in  large  amounts  ('^-'^H)  may 
prevent  coagulation  for  several  days. 

Un  coagulation  there  separates  in  the  previously  fluid  blood  an  insoluble 
or  a  very  difficultly  soluble  albuminous  substance, /^rm.  When  this  sepa- 
ration takes  place  without  stirring,  the  blood  coagulates  to  a  solid  mass 
which,  when  carefully  severed  from  the  sides  of  the  vessel,  contracts,  and  a 
clear,  generally  yellow-colored  liquid,  the  Hood^sernm^  exudes.  The  solid 
coaguluni  which  encloses  the  blood -corpuscles  is  called  the  bhod'dot 
(placenta  sanguinis).  If  the  blood  is  beaten  during  coagulation,  the  fibrin 
separates  in  elastic  threads  or  fibrous  masses,  and  the  ileflbrinafed  blond 
which  separates  is  sometimes  called  eruofy*  and  consists  of  blood-corpusclea 
and  blood -serum.  Defibrinated  blood  consists  of  blood -corpuscles  and 
serum,  while  nncoagnlated  blood  consists  of  blood -corpuscles  and  blood- 
plasma.  The  essential  chemical  difference  between  blood-sernm  and  blood- 
plasma  is  that  the  blood-serum  does  not  contain  even  traces  of  the 
aother-substance  of  fibrin,  the  fibrinogen,  which  exists  in  the  l)lood-plafima» 


»  Arch,  (le  pliysloL  (5),  a 

•  Prnc.  piiyMol,  Sfvc,  1884,  p,  i;5.  and  Arch.  i.  exp.  Puth.  ii.  PUtirm.  IS, 
'  Arrhi%'c!s  ijc  Pliyaiol   (5)  2  mu]  ( 'ompl.  rcDfi*  112. 

•  Joum.  of  FhysioK.  VoU  19. 

•  The  nnnic  rrttor  h  used   lu  (iifftTcnt  s<.'iiscs.     We  noniflimes  imderstnnd  thereby 
^00  Ij  I  lie  blood  when  eo«gu  luted  lo  n  red  ^olitl  ni«Hs,  In  otbt'i   ciwses  tiie  bltxxl-clot  iifi^r 

!  sepurnllori  of  Ihc  serum,  rind  lastly  tlie  stdhnent  ronsUting  of  re<l  bltxHl  corpuscka 
'•Ulcb  Is  obtained  from  deflbrloatcd  blood  by  nieaus  of  rrtiirifugnl  forre  or  by  letting  it 
mil. 
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and  the  seram  is  proportionally  riclier  in  another  body»  the  fibrin  ferment 
(see  page  127)* 

I«  BloocI-iilaBiiiM  and  lilood-Bertiiii, 

The  Blaod-plafima. 

In  the  coagulation  of  the  blood  a  chemical  transformation  takes  place  in 
the  plasma.  A  part  of  the  proteids  separates  as  insolnble  fibrin.  The 
albaminons  bodies  of  the  plasma  must  therefore  be  first  described.  Thej 
are,  as  far  as  we  known  at  present,  fibrinogen,  serghbiihn^  and  seralbumin. 

Pibrmogen  occurs  in  blood-plasma,  chyle,  lymph,  and  in  certain  transa- 
dations  and  exudations/  It  has  the  general  properties  of  the  globulins,  but 
differs  from  other  globulins  as  follows:  In  a  moist  condition  it  forms  white 
fiakes  which  are  soluble  in  dilate  common-salt  solutions,  and  which  easily 
conglomerate  into  tough,  elastic  masses  or  lumps.  The  solution  in  NaCl 
of  5-10^  coagulates  on  heating  to  +  52-o5^  C,  and  the  faintly  alkaline 
or  nearly  neutral  weak  salt  solution  coagulates  at  +  50**  C,  or  at  exactly 
the  same  temperature  at  which  the  blood-plasma  coagulates.  Fibrinogen 
solutions  are  precipitated  by  an  equal  voluuie  of  a  saturated  common-salt 
solution,  and  are  completely  precipitated  by  adding  an  excess  of  NaCl  in 
aubstance  (thus  differing  from  serglobulin).  A  salt-free  solution  of 
'  fibrinogen  in  as  little  alkali  as  possible  gives  with  CaCl,,  a  precipitate  con- 
taining calcium  and  soon  becoming  insoluble.  In  the  presence  of  NaCl  or 
by  the  addition  of  an  excess  of  CaCl,  the  precipitate  does  not  appear.*  It 
differs  from  myosin  of  the  muscles,  which  coagnlates  at  about  the  same 
temperature,  and  from  other  albuminous  bodies,  in  the  property  of  being 
converted  into  fibrin  under  certain  conditions.  Fibrinogen  has  a  strong 
decomposing  action  on  hydrogen  peroxide.  It  is  f|QickJy  made  insoluble  by 
precipitation  with  water  or  with  dilate  acids/  Its  specific  rotation  is 
a(D)  =  —  52.5'*  according  to  ^[ittelbacu,* 

Fibrinogen  may  be  easily  separated  from  the  salt-plasma  or  oxalate 
plasma  by  precipitation  with  an  equal  volume  of  a  saturated  NaCl  solution. 
For  further  purification  the  precipitate  is  pressed,  redissolved  in  an  s*4  salt 
solution,  the  filtrate  precipitated  by  a  satui-a  ted -salt  solution  na  above,  ami  - 
after  precipitating  in  this  way  three  times,  the  precipitate  at  last  obtained 
is  pressed  between  filter- paper  and  finely  divided  in  water.  The  fibrinogen 
dissolves  with  the  aid  of  the  small  amount  of  NaCl  contained  in  itself.,  and 


*  The  queMiou  as  lo  the  occurrence  of  other  flbriuogeua  (Wooi-dridge)  will  bo 
spokeu  of  In  cotinecdoQ  with  the  complete  dbcUssioti  of  the  congubtioQ  of  the  blood. 
{See  further  OD,) 

'  See  Httmnmr$ten.  Zeitschr.  f.  physlol.  Chem.,  Bd.  23;  Crumer.  ibul.,  Bd.  23. 

*  In  leg&rd  to  tibriuogeti  the  reader  is  referred  to  the  nuthor^B  iuvcstigatious.  PtlU- 
irer's  Archiv..  Bdd.  19  nod  22. 

♦Zeluchr.  f,  pljysiob  Chem,,  Bd.  19. 
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tbe  Bolution  may  be  made  Bait-free  by  dialyfiis  witb  very  faintly  alkaUne 
water.  Fibrinogen  may  also,  according  to  Reye,'  be  prepared  by  frac- 
tionally precipitating  the  plasma  with  a  saturated  Bolntion  of  ammoninm 
Bolphate.  We  have  no  investigatioua  as  regards  tbe  parity  of  the  fibrinogen 
so  prepared.  From  transudations  we  ordinarily  obtain  a  fibrinogen  which 
is  strongly  contaminated  with  lecithin  and  which  can  hardly  be  purified 
withoat  decomposing.  The  methods  for  the  detection  and  quantitative 
estimation  of  fibrinogen  in  a  liqaid  used  to  be  based  on  its  X'^operty  of 
yielding  fibrin  on  the  addition  of  a  little  blood,  of  semra,  or  of  fibrin 
ferment.  Reye  has  snggested  the  fractional  precipitation  with  ammoninm 
snlphftte  as  a  quantitative  method.  The  value  of  this  method  has  not  been 
ButHciently  tested. 

The  fibrinogen  stands  in  close  relation  to  its  transformation -iirotlnct,  the 
fibrin. 

Fibrin  is  the  name  of  that  proteid  body  which  separates  on  the  so-called 
spojitaneons  coagulation  of  blood,  lymph,  ami  transudation,  as  also  in  the 
coagulation  of  a  fibrinogen  solution  after  the  addition  of  serum  or  fibrin 
ferment  (see  below). 

If  the  blood  is  beaten  during  coagulation,  the  fibrin  separates  in  elastic^ 
fibrous  masses.  The  fibrin  of  the  bloo<l-clot  may  be  beaten  to  small,  less 
elastic,  and  not  particularly  fibrous  lumps.  The  typical,  fibrous,  and  elastic 
white  fibrin,  after  washing,  stands  in  regard  to  its  solubility  close  to  the 
coagulated  proteids.  It  is  insoluble  in  water,  alcohol,  or  ether*  It  expands 
in  hydrochloric  acid  of  1  p.  m.,  as  also  in  caustic  potash  or  emla  of  1  p.  m., 
to  a  gelatinous  mass,  which  dissolves  at  the  ordinary  temperature  only  after 
several  days,  but  at  the  temperature  of  Jhe  body  it  dissolves  more  readily 
but  still  slowly.  Fibrin  may  be  dissolved  by  dilute  salt  solutions  after  a 
long  time  at  the  ordinary  temperature  or  much  more  readily  at  40^"  C,  and 
this  solution  takes  place,  according  to  Arthith  and  IIuBEn  and  also 
Dastre,"  without  the  aid  of  micro-organisms.  According  to  CfREEX  and 
I>ASTRE*  two  globulins  are  formed  in  this  solution  of  fibrin.  Fibrin  decom- 
poses hydrogen  peroxide,  hut  this  property  is  destroyed  by  heating  or  by  the 
notion  of  alcohoL 

What  has  been  eaid  of  the  sohibility  of  tlbrin  relates  only  to  tbe  typical 
fibrin  obtained  from  the  arterial  blood  of  mammals  or  man  by  whipping  and 
washing  first  with  wutt^r  and  with  common-salt  solution,  and  then  with 
water  again.  The  blood  of  various  kinds  of  animals  yields  fibrin  with 
somewhat  different  properties,  and  according  to  Fermi  *  pig-fibrin  dissolves 
much  more  readily  in  hydrochloric  acid  of  5  p.  m.  than  ox-fibrin.     Fibrins 


I 


*  W.  lieyc.  Ueber  Nat  hweis  und  Beatliumung  des  Fibritiogens,  Inttig.Dias.,  Stmsi* 
burg,  181)8. 

*  ArtUiir  Hml  Huberp  Arch,  de  pliystoL  (5),  Tome  5  ;  Dttstre,  ibid.  (5)*  Tome  7. 
'  GiLLu,  Jourrk  of  Pkvsiol.  Vol.  8;  Daatre,  1.  c. 

*  Zeitscbr.  f,  Biologie,  Bd.  28. 
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of  f aryiog  purity  or  originAting  from  blood  from  diflferent  parts  of  the  body 
haye  unlike  solubilitiefl. 

The  fibrin  obtained  by  beating  the  blood  and  purified  as  above  described 
id  always  contaminated  by  enclosed  blood-corpuscleB  or  remains  thereof,  and 
also  by  lymphoid  cells*  It  can  only  be  obtained  pure  from  filtered  plasma 
or  filtered  transudations.  For  the  pure  preparation,  as  well  as  for  the 
qnantitatlve  estimation  of  fibrin,  the  apontaoeonsly  coagulating  liquid  is  at 
once*  or  the  non-Bpontaneously  coagalating  liquid  only  after  the  addition  of 
blood -serum  or  fibrin  ferment^  thoroughly  beaten  with  a  wlialebone,  and 
the  separated  coagulum  is  washed  first  io  water,  and  then  with  a  5^ 
common-salt  solution,  and  again  with  water,  and  lastly  extracted  with 
alcobol  and  ether.  If  the  fibrin  ia  allowed  to  stand  in  contact  with  the 
blood  from  which  it  was  formed  for  some  time,  it  partly  dissolves 
(fibrinolysis — 1>astre\),  This  fibrinolyms  most  be  prevented  in  the  exact 
quantitative  estimation  of  fibrin  (Dastbe). 

A  pure  fibrinogen  solution  may  be  kept  at  the  ordinary  temperature 
until  putrefaction  begins  without  showing  a  trace  of  fibrin  coagulation. 
But  if  to  this  solution  we  add  a  water-washed  fibrin-clot  or  a  little  blood- 
serum,  it  immediately  coagulates  and  may  yield  perfectly  typical  fibrin. 
The  transformation  of  the  fibrinogen  into  fibrin  re*] aires  the  presence  of 
another  body  contained  in  the  blood-clot  and  in  the  serum.  This  body, 
irhose  importance  in  the  coagulation  of  fibrin  was  first  observed  by 
BucHAKAN','  was  later  rediscovered  by  Alexander  Schmidt'  and  desig- 
nated ^^  fihrhi-fermeni "  or  thrombin.  The  nature  of  this  en  zymotic  body 
has  not  been  ascertained.  Althongh  many  investigators,,  especially  English, 
consider  fibrin-ferment  as  a  globulin,  still  more  recent  experiments  of 
Pekelharino,'  and  others  show  that  it  is  a  nucleoproteid.  Fibrin  ferment 
is  produced,  according  to  PEKELHAitrNCr,  by  the  influence  of  soluble 
calcium  salts  on  a  preformed  zymogen  eiistiug  in  the  non-coagulated 
plasma.  Schmidt  admits  of  the  presence  of  such  a  mother-substance  of  the 
fibrin  ferment  in  the  blood  and  (idklHM  proihromhhu  The  prothrombin  aa 
well  as  the  thrombin  is  less  soluble  in  an  excess  of  acetic  acid  than  the 
globulins,  and  yields  a  nuclein  or  a  pseudonuclein  on  peptic  digestion. 
Thrombin  corresponds  to  other  enzymes  in  that  the  very  smallest  amount 
of  it  produces  an  action  and  its  solution  becomes  inactive  on  heating.  It  is 
aost  active  at  about  40*^  C.     Prothrombin,  according  to  Pekelharino,  ia 


•  Archivea  de  Physiol,  {5),  Tomes  5  aud  6. 

•  LondoD  Med.  Ga/,ette.  1845,  p.  617.     Cit.  by  Gamgco,  Journal  of  Pbjsiol.,  1879. 

•  Ptlnger'!*  Aichiv,  Bd,  6  ;  also  zur  Blutlclire,  1892,  and  Weitere  Beitriige  zur  Blui- 
lehre,  1895. 

«  PekelhnriDg.  VeTfaatidel.  d.  kon.  Akad.  d.  Weteiiscb.  te  Amiicrdam,  1892,  De«l  I ; 
iWtf..  1895,  and  Centralbl  f.  pliyaioL,  Bd.  9;  Wright,  Proc.  Roy.  Irish  Acad.  (8), 
Vol.  2,  Tbe  Lancet,  1892,  and  Od  Wooldildge's  Meibod,  elc>,  British  Med.  Journal,  1891. 
Liliuijfeld,  Haematol.  tJQlersiidi.,  Du  Bois-Reymoad'a  Arch..  1892  ;  Uebfir  Leukocytea 
Bod  BlutgeriuDung,  ibid.  ;  Halliburtou  and  Brudii,  Journal  of  PhyaioL,  Yola.  17»  18. 
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destroyed  at  abont  -\-  65°  C,  while  the  thrombin  is  destroyed  at  about  the 
Banie  or  sometimes  at  a  little  higher  temperature,  70-75"  C. 

The  isolation  of  the  fibrm-ferment  has  been  tried  in  several  ways. 
Ordinarily  it  may  be  prepareil  by  the  following  method  proposed  by  Alex. 
SrnMrnT.'  rrecipitate  the  sernra  or  defibrioated  blood  with  15-20  voJs,  of 
alcohol  and  allow  it  to  stand  a  few  months.  The  precipitate  is  then  filtered 
anil  dried  over  snlphonc  acid.  Tiie  ferment  may  be  extracted  from  the 
dried  powder  by  means  of  water.  Other  methods  have  been  snggested  by 
the  AFTfiOK  and  by  Pekeliiaring/ 

The  preparation  of  a  thrombin  solution,  as  free  as  possible  from  lime, 
may  be  done  by  remoTing  tfie  lime  salts  from  the  serum  by  means  of  oxalate 
and  precipitating  the  serum  with  alcohol  and  allowing  it  to  stand  under 
alcohol  for  several  months.  The  dried  powder  is  robbed  with  water  and 
freed  from  soluble  salts  by  repeated  lixiviation  with  water  and  the  nse  of 
centrifugal  force.  Then  allow  each  gramme  of  powder  to  stand  some  time 
with  lOQ-150  c.c.  water,  filter  and  in  this  way  obtain  a  solution  which  con- 
tains only  about  0.3-O.i  p.  m.  solids  and  about  0.0007  p.  m.  CaO.    (Author.) 

If  a  fibrinogen  solution  containing  salt,  as  above  prepared,  is  treated 
with  a  solution  of  "  fibrin-ferment,-^  it  coagulates  at  the  ordinary  tempera- 
ture more  or  less  rjuickly  and  yields  a  typical  fibrin.  Besides  the  fibrin- 
ferment  the  presence  of  neatral  salts  is  necessary,  for  without  them  Alex. 
ScnMiDT  has  shown  the  fibrin  coagulation  does  not  take  place.  The 
presence  of  soluble  calcium  salts  is  not,  as  generally  admitted  with  AETiirs, 
a  positive  condition  for  the  formation  of  fibrin,  becanse  as  shown  by  Alex. 
Schmidt,  Pekelhaiung,  and  the  ArTHOH,*  thrombin  can  transform 
fibrinogen  into  typical  fibrin  in  the  absence  of  lime  salts  precipi table  by 
oxalate.  The  quantity  of  fibrin  obtained  on  coagulation  is  always  snlaller 
than  the  amount  of  fibrinogen  from  which  the  fibrin  is  derived,  and  we 
always  find  a  small  amount  of  protein  substance  in  the  sohition.  It  is 
therefore  not  improbable  that  the  fibrin  coagulation,  in  accordance  with  the 
viewfl  first  proposed  by  Denis,  is  a  cleavage  process  in  which  the  solnble 
fibrinogen  is  split  into  an  insoluble  albuminous  body,  the  fibrin,  which 
forms  the  chief  mass,  and  a  soluble  protein  substance  which  is  only  formed 
in  small  amoants.  We  find  a  globnlin-like  substance  which  coagulates  at 
about  +  64""  C.  in  blood-serum  as  well  as  in  the  eerum  from  coagulated 
fibrinogen  solutions.  This  substance  is  called  Jibnn-glohnUn  by  the 
AUTHOR.  The  question  whether  this  substance  exists  in  the  fibrinogen 
solution  as  contamination  or  is  formed  as  a  true  cleavage  product  baa  not 
been  positively  decided. 

We  have  also  other  views  in  regard  to  the  processes  of  coagulation  in  the 


«  PflUger's  Arch.,  Bd.  6. 

*  Httmnianiten,  Pfinger'a  Arch., 

•  See  Hammnrsieii,  Ztiiscbr.  f. 
of  Scbmtdt  aud  FckeUiariag. 


Bd.  18,  PekelliBiiDLr,  I.  c. 

pbysloh  CJieiu.,  Bd.  22,  which  also  cltei  the  works 
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lormfttion  of  fibrin  which  are  even  leas  positively  lonade^l.     The  fact  that 

the  soluble  lime  salts  are  not  necessary  for  the  transfonnatioQ  of  fibrinogen 

Hiiito  fibrin  is  not  in  contradiction  to  the  other  fact  that  they  miiBt  be  present 

^nn  the  coagulation  of  blood  or  plasma.     This  appareot  contradiction  may 

^pl»e  explained,  as  shown  later,  by  the  special  condition  of  the  plood-plasma, 

"juid  we  mast  not  overlook  the  fact  that  the  coagnlation  of  the  blood  is  a 

much  more  complicated  process  than  the  coagQlation  of  a  fibrinogen  sola- 

tion,   inasmnch  as  the   first  involves  other   important   questions,   as,  for 

^instance,  the  reason  for  the  bloml  remaining  fluid  iD  the  body,  the  origin  of 

Hihe  fibrin- ferment,  and  the  importance  of  the  form-elements  in  the  coagii* 

lation,  etc.     A  fuller  discassion  of  the  various  hypotheses  and  theories 

concerning  the  coagulation  of  the  bloml  must  therefore  be  given  later. 

Serglobttlin,  also  called  paraglolmUn  (Kl  hkk)^  Jidrinoplmiic  siihstance 

(AI.EX.  Schmtdt),  serum-casein  (Pakum '),  occurs  in  the  plasma,  serum, 

lymph,  transudations  and  exudations,  in  the  white  and  red  corpuscles,  and 

^probably  in  many  animal  tisanes  aod  form-elements,  though  in  small  quan* 

Htities.     It  is  also  found  in  the  nrine  in  many  diseases. 

\  Serglobulin  is  without  doubt  not  an  individual  substance,  but  consists 

of  a  mixture  of  two  or  more  protein  bodies  which  cannot  be  completely  aod 
positively  sejjarated  from  each  other.  Under  these  circumstances  the 
statements  in  regard  to  the  properties  of  the  serglobnlins  is  naturally  some- 
what nncertain.  According  to  our  present  knowledge  it  has  the  following 
properties : 

Serglobnlin  has  the  general  properties  of  the  globulins.  In  a  moist  con- 
ition  it  forms  a  snow-white  ^aky  mass  neitlier  tough  nor  elastic.  The 
itial  differences  between  serglobolin  and  fibrinogen  are  the  following: 
Serglobnlin  solutions  are  only  incompletely  precipitated  by  abiding  NaCl  to 
Batnration,  and  not  precipitated  at  all  by  an  equal  volume  of  a  saturated 
oommoD-salt  solution.  The  coagulation  temperature  is,  with  5-10^  NaCl 
in  solution,  +  75°  C  It  is  completely  precipitated  by  MgSO^  in  substance 
added  to  saturation,  as  also  by  an  equal  volume  of  a  saturated  solution 
of  ammonium  sulphate.  The  specific  rotatory  power,  according  to 
Fbedericq,'  for  serglobulin  (from  ox^blood)  solutions  containing  salt  ia 
a(D)  ^  -  47.8^ 

P  According  to  K.  Morxer  serglobnlin  yields  a  reducing  substance  on 
"boiling  with  a  dilute  acid.  The  question  whether  tbe  substance  we  have 
heretofore  called  serglobulin  is  a  glycoproteid  or  whether  it  is  a  mixture  of 
globulin  witb  a  glycoproteid  has  not  been  positively  decided   up   to  the 


f       »  Kahne,  Lebrbuch  d.  phyaiol.  Cbem,     Leipalg,  186(3-68  ;— Al.  Schmidt.  ArcU.  f. 
Anal,  u.  PijysioL.  1661-62  ;  Pauum,  Vircliow's  Arth.,  Bd^L  H  u.  4. 

'  BulL  Acad.   Roy.  dc  Belg  (2),  60.     In  regard  to  paraglobulia,  see  Hammaratcti^ 
PflQgcr's  Arch-,  Bdd,  17  u.  18. 
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present  time.     According  to  Zanetti  blood-sernm  contains   a   glycopro- 

teid/ 

E.  Faubt*  haa  isolaled  q  body*  which  he  calls  gltitolin,  from  the  mixture  of  globuliiii 
which  is  separated  ou  half  saturaUn^  hors^-seriini  with  ammouium  sulphuie.  Hecon^ 
aiders  this  i^udy  as  an  iulermediate  Btep  between  the  glutiu  substances  and  the  true  pni- 
leids^  The  coDnecliou  beiweej*  this  body  find  the  glutin  group  follows  frcnn  \hv  ha 
that  glycocol  Is  found  anioog  I  he  cleavage  producis  of  Ibis  substance.  It  differs  from 
globulin  In  buiiig  insoluble  in  neutral  salt  solutions  of  any  conceutratioo;  it  cii&solvts  in 
oiluio  alkali  or  ammoDia,  but  is  precfpitati^d  on  the  addition  of  acid.  The  analyses  bftr© 
giv«n  the  frdlowing  results  :  C  51.2tl ;  H  7.24  ;  K  17.42  ;  S  0.641  OlutoUa  doe«  uoi  m^. 
tarn  any  sulphur  which  blackens  lead. 

Serglobolin  may  be  easily  separated  as  a  fine  floccnlent  precipitate  from 
blood-sernm  by  netitralizing  or  making  faintly  acid  w^ith  acetic  acid  aad 
then  diluting  with    IQ-'iO   vols,    of  water.     For  fnrther  purification   this 
precipitate  ie  dissolved  in  dilute  common-salt  solntion,  or  in  water  by  the 
aid  of  the  smallest  possible  amonnt  of  alkali,  and  then  reprecipitated  bv 
diluting   with    water   or   by    the   addition   of   a   little   acetic    acid.      The 
serglobnlin  may  also  be  separated  from  the  scram  by  means  of  magnesium 
or  ammonium  sulphate;  in  these  cases  it  is  difficult  to  completely  remove 
the  salt  by  dialysis.     The  serglobnlin  from  blood -scrum  is  always  contami- 
nated by  lecithin  and  thrombin.     A  serglobulin  free  from  thrombin  may  be 
prepared  from   ferment- free  transodations,   as  sometimes  from    hydrocele 
flnida,  and  this  shows  that  serglobolin  and  thrombin  are  different  bodies. 
For  the  detection  and  the  quantitative  estimation  of  serglobnlin  we  may  use 
the  precipitation  by  magnesium  anlpbate  added  to  saturation  (  Mamma rstex), 
or  by  an  equal  volume  of  a  saturated  neutral  ammonium  sulphate  solutions' 
(lIoFMEtSTEH  and  Kal'uer  and  Poml).'     In  the  quantitative  estimatioa, 
the  precipitate  is  collected  on  a  weighed  Ulter,  washed  with  the  salt  solntion 
employed,  dried  with  the  filter  at  about  115"'  C,  then  washed  with  boiling- 
hot  water,  ao  as  to  completely  remove  the  salt,  extracted  with  alcohol  and 
ether,  dried,  weighed  and  burnt  to  determine  the  ash. 

Seralbumin  ia  found  in  large  quantities  in  blood-B#rura,  blood-plasma, 
lymph,  transudations,  and  exudations.  Probably  it  also  occurs  in  other 
animal  liqnids  and  tissues.  The  proteida  which  pass  into  the  urine  nnder 
pathological  conditions  consist  largely  of  aeralbomin. 

In  the  dry  state  seralbumin  forms  a  transparent,  gnmmy,  brittle,  hygro- 
scopic mass,  or  a  white  powder  which  may  be  heated  to  100°  C.  without 
decomposing.  Its  eolutiom  in  water  gives  the  ordinary  reactions  for 
proteids;  the  specific  rotatory  power,  as  well  as  the  coagulation  temperature, 
has  been  found  to  vary,  which  ie  dne  in  the  first  place  to  the  fact  that 
wliat  used  to  be  considered  as  seralbumin  was  amixtnre  of  several  albami 
Attention  was  first  called  to  this  fact  by  IIalliburtok,  who  calls  the  tb 
serai bumins  coagulating  at  different  temp^tnres  serin.  Gurbkr  hai 
also  fonad  three  different  serins  in  horse-blood  serum,  of  which  two  are 


I 


I 
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»  M5rner,  Ceitralbl.  f.  Physiol,  Bd,  7  ;  Zantltl.  Chem.  Centralbl..  1898,  S.  9U. 

•  Arch.  f.  exp.  Path.  u.  Pharni.,  Bd.  4L 

'  Haniraarstan,  L  c;  Hofmeiater,  Kauder,  and  Pohl,  Arch*  f.  exp.  Path.  a.  Pharm.» 
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crystalline  and  the  third  amorphoua.  Miohel  '  found  that  the  coagulation 
temperatnre  for  the  crystalline  serin  in  dialyzed  salt-free  eolation  was 
51-54''  C. ;  it  rose  with  the  qnantity  of  salt  present.  The  specific  rotatory 
j>ower  was  a{I>)  =  —  61*",  The  elementary  composition  was  neariy  the 
same  as  that  of  tlie  mixture  of  albumins  found  by  the  author  in  horse-hlood 
eemm  (see  page  133).     One  of  the  seriog  crystallizeB  in  hexagonal  prisms, 

I  the  other  in  long  needles.  The  coagulation  of  tlie  mixture  of  albumins 
from  serum  generally  takes  ]»lace  at  70-85''  C,^  but  is  esentially  dependent 
upon  the  reaction  and  the  amount  of  salt  present.  The  specific  rotutory 
power  of  this  mixtnre  is  «(!))  —  —  62.G-*j4,6°,  Up  to  the  present  time 
no  seralbumin  solution  has  been  prepared  free  from  mineral  bodies.  A 
solution  as  free  from  salts  as  possible  does  not  coagulate  either  on  l:K)iliug 
or  on  the  addition  of  alcohol.  *Jn  the  atldition  of  a  little  conimon  salt  it 
coagulates  in  both  cases.' 

Seralbumin  differs  from  the  albumin  of  the  white  of  the  lien's  egg  in 

the  following  particulars:  it  is  more  Ifevogyrate;  the  precipitate  formed  by 

^^hydrochloric  acid  easily  dissolves  in  an  excess  of  the  acid;  is  rendered  less 

^insoluble  by  alcohol;  and  lastly  it  acts  differently  inside  of  the  oro^anism. 

If  egg-albnmin  is  introduced  ii^to  the  blood  circnlation  it  passes  into  the 

nrine,  while  seralbumin  does  not  in  the  same  animal  of  the  same  family." 


» 


In  preparing  seralbumin,  first  remove  the  globulins  according  to 
JoHANSSuK,  By  saturating  with  magnesium  sulphate  at  about  +  ^^0  L\,  and 
filtering  at  the  same  temperature.  The  cooled  filtrate  is  sejmrated  from  the 
cr\'stallized  salt  and  is  treated  with  acetic  acid  so  that  it  contains  about  1^. 
The  precipitate  formed  is  filtered,  pressed,  dissolved  in  water  with  the 
aiddition  of  alkali  to  neutral  reaction,  and  t!ic  solution  freed  from  salt  by 
dialysis.  The  mixture  of  albumins  may  be  obtained  in  a  solid  form  from 
the  dialyzed  solution  by  either  evaporating  the  solution  at  a  gentle  tem}»era- 
tare  or  by  precipitating  with  alcohol,  which  must  be  quickly  removed. 
Starke  *  has  suggested  another  method,  which  is  also  to  be  recommended. 
The  crystalline  seralbumin  may  be  prepared  from  serum,  freed  from  globulin 
by  half  saturating  with  ammonium  sulphate,  by  the  addition  of  more  salt 
until  a  cloudinefls  occurs  and  then  proreeding  according  to  the  suggestion 
of  GiTHBEBand  Michel.  By  acidification  with  acetic  acid  the  crystalliza- 
tioD  may  be  considerably  enhanced  (IIopkiks  and  Pinkus*).     According 


^"  '  Hallilmnon,  Journ,  of  Physto],,  Vols,  IS  and  0;  GUrber,  Sitzungsbcr.  d.  pbys.- 
med.  Gesellach.  zu  WUrzburg,  1»94;  A.  Michel,  Verbandl.  lU  phys.-med,  Ge&ellsch.  zu 
WOixbiifg,  Bd.  2t».  No.  3. 

■  In  regard  to  Ibe  relationship  of  neutral  salts  to  beat  coagulation,  sec  J.  Slarke, 
SilzuDgsbcr.  d.  Gcsdlsch,  f.  Mf>rph*  u.  Physiol,  in  Munchen,  1897. 

•See  O.  WeiftSs  Pflliger's  Arch,,  Bild.  65  u.  68, 

<  JobaoiBoo,  Zeitachr.  f,  pbysiol.  Cbem,,  Bd.  9;   E.  Starke,  Haly'a  Jalireaber., 
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to  Khieger  '  crystalline  Beralbamin  may  be  obtained  from  horse-aeraoii 
which  haa  been  freed  from  globulins  by  ammonium  snlpbate*  by  the  addi- 
tion of  dilute  sulphuric  acid  (|  normal)  until  a  elight  opalescence  occum 
In  the  detection  and  quantitativ'e  estimation  of  eeralbumin,  the  filtrate  from 
tlie  globulins  whicli  have  been  removed  by  magneBium  sulphate  is  heated  to 
boiling,  after  the  addition  of  a  little  acetic  acid  if  necessary.  The  fiimplefit 
way  is  to  consider  the  difFerence  between  the  total  proteids  and  the 
globulins  aa  sera!  bum  in. 


guuHUJiry  of  llie  elemeuiary  compoBStion  nf  liie  above  meuiiooed  and  describetl  albu- 
rn mous  bodies: 

H 

6  90 
6.83 

7.01 

6.65 

The  seralbiiEDfn  (2)  cnme  from  a  human  exudation,  and  tbp  other  bodies  from  bone'i 
blcK)d '    Tbe  fibiio  was  prepared  from  a  fiUertil  cornmousall  plasmn. 


Fibriuogew, , • . .  *  52.93 

Fibrin   .. 52.68 

FiUnn-jjlobulia 52.70 

Ber^rl,>bu!in   ..-,  52.71 

Seralbnnnxi  (IJ 63.06 

Scralimmm  (2j 52.25 


N 

S 

O 

16.66 

1,25 

22,26  (Hammarstei) 

16§1 

IJO 

22.48 

16.06 

15  85 

1.11 

S3.S2 

16.04 

1.80 

2225 

15.88 

2.25 

22,97 

The  Blood-serum. 

Ab  aboTe  stated,  the  blood-sernm  is  the  clear  liqnid  which  ia  pressed  out 
by  the  contraction  of  the  blood-clot  It  diflfers  chiefly  from  the  plaamain 
the  absence  of  librmogen  and  an  abundance  of  fibnn-'  'nent.  Considered 
qnalitatirely  the  blood-serum  contaios  the  same  chit^i  coustituenta  as  the 
blood -pi  asm  a, 

Blood-sernm'is  a  sticky  liquid  which  is  more  alkaline  than  the  plasma. 
The  specific  gravity  in  man  is  1.027  to  1.032,  average  1.028.  The  color  is 
strongly  or  faintly  yellow ;  in  human  blood-serum  it  is  pale  yellow  with  a 
shade  towards  green,  and  in  horses  it  ia  often  amber-yellow.  The  serum  is 
ordinarily  clear;  after  a  meal  it  may  be  opalescent,  cloudy,  or  milky  white, 
according  to  the  amount  of  fat  contained  in  the  food. 

Besides  the  above-mentioned  bodies,  the  following  constituents  are  found 
iQ  the  blood -plasrna  or  blood-serum  : 

Fat  occurs  from  1-7  p.  m.  in  fasting  animals.  After  partaking  of  food 
the  amount  is  increased  to  a  great  extent.  We  also  find  soaps^  cholesterinj 
and  leciihin,  Cholesterin  occurs,  aceordin)^  to  HOsthle,'  at  least  in  part  as 
fatty  acid  esters  (seroUn  according  to  Botdet). 

Sugar  seems  to  be  a  phyBiologieal  constituent  of  the  plasma.  Accord* 
Ing  to  the  investigations  of  Abeles,  Ewald,  Kulz,  v,  Mering,  SeeqeNi 
and  MiuiiA,'  the  sugar  found  in  the  plasma  is  glucose.     Otto  found  in  the 

'  Ueber  die    DaratellUDg  krystallinischer^    Ihlerlscber   EiweiaSBtoffe.     iDatig.-Dln.  | 
Straasburg.  1609. 

*  Zeltscbr.  f.  pbyaioL  Chem.,  Bd.  21,  wliere  Boudet  Isalflocfted. 

'  V.  Mering,  Dii  Bots-ReymoDd'a  Arcbiv,  1877,  8.  S79.     This  article  con  taint  ntmis 
oui  references ;  Seegcn,  FUtlger'a  Arcb.,  Bd.  40;  Miuni,  Zeltsclir.  f.  Bioiogle*  fid«  $Sk 
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plasma,  besides  glucose,  another  reducing,  non -fermentable  aubstance. 
According  to  Jacob.sek  and  Uenriqie!^'  this  Bubstaiice  h  soluble  in  ether 
and  ia  related  to  jecorin.  Bixg  '  has  closely  etndied  this  non-fermeu table, 
reducing  substance  of  the  blood  and  considers  it  as  a  combination  of  sugar 
with  lecithin,  and  he  has  shown  that  a  mixture  of  lecithin  and  sugar  is 
BoluMe  in  ether  and  that  it  is  precipi table  bv  alcohol  like  jecorin.  Accord* 
ing  to  this  investigator  jecorin  is  also  a  combination  of  lecithin  with  glucose. 

Blood-plaema  as  well  as  lymph  contains,  according  to  Hohmann,  Bial 
and  Hamburger, '  diihstase,  which  converts  starch  and  glycogen  into 
maltose  or  isomaltose  and  a  cleavage  enzyme,  glucme  or  tnaUase^  which 
converts  maltose  into  glucose. 

Beuxaru*  has  shown  that  the  quantity  of  sugar  in  the  blood  diminishes 
more  or  lees  rapidly  on  leaving  the  veins.  Lepjxe,  associated  with  Bahral, 
has  specially  studied  this  decrease  in  the  quantity  of  sugar  and  calls  it 
glijmlysifi.  Li  pine  and  Barral,  as  well  as  AfexHrs,  have  shown  that  this 
glycolysis  takes  place  in  the  complete  absence  of  micro-organisms*  It  seems 
to  be  due  to  a  soluble  gUtcolyUc  enzyme  whose  activity  is  destroyed  by  heat- 
ing to  -}-  ^^"^  ^-  This  enzyme  is  derived,  according  to  the  above  investiga- 
tors, from  the  leucocytes  and  is,  according  to  Lepine,  delivered  from  the 
pancreas  to  the  blood.  According  to  Lepixe  it  is  formed  by  a  transforma- 
tion of  the  diastase,  but  this  is  not  so  according  to  Nassk  and  Framm  and 
Paderi."  The  glycolysis  ja,  according  to  Nasse,  Koomann  and  Spitzer,* 
an  oxidation  which  is  prodnced,  according  to  the  two  last^mentioned 
investigators,  by  an  oxidation  ferment.  It  ia  surely  not  connected  with  the 
survival  of  the  cells,  but  whether  it  is  a  vital  or  a  post-mortem  process  is  not 
decided/  In  the  glycolysis  produced  by  a  watery  extract  of  the  liver  (tEza 
KdwEBY*  fonnd  that  the  freezing-point  of  the  liquid  was  lowered  or  a 


I  Otto,  PflDjjcr^B  Arch.,  Ji5(agcxHl  review  of  the  older  hterature  od  sugar  in  the  btr)od), 
Jacobaea,  Gcntmlbh  f,  Physiol.,  B*!.  6,  S.  868;  Henriques,  Zeitschr.  f,  pbysiol.  Chem., 
Bd.  83. 

*  UoderH^geiser  over  reducerende  Subtau&er  i  Blodet.    K6b<fDLiiveii,  1899, 

*  ROhmauQ  ;  RObmuDU  aud  Hamburger,  Ber.  d.  deutach.  cbem.  GeseUach.,  Bdd*  85 
aod  27;  Pflliger's  Arcb.,  Bdd.  53  and  60;  Bin),  Uebcr  das  dhisL  Ferni.,  etc.  liijiug,- 
Dias.  Breshiu.  1892  (aider  literature).     See  also  PliUgers  Arcb.,  Bdd.  52,  54.  and  5.1 

*  Le9009  sur  le  diab^le.     Pflria,  1877. 

*  In  regard  to  the  Dumerous  memoira  of  Lepice  and  Lepine  et  Bnrral.  see  Lyon  me>d{* 
cal.  Tomes  62  and  03;  Compt.  rendus.  Tomea  110,  113,  113,  and  120;  Lepine,  Le  feruifnl 
glycolyiique  et  la  patbogenie  du  diaMte  (Pai  is,  1891^,  and  Hevue  auulylfque  et  ciitiqiieif 
des  travaai,  etc,  in  Arch,  de  med.  ex  per*  (P^vris,  1892);  R4?vuc  <le  raedecioe,  1895; 
Arthus,  Arcb,  de  Physiol*  (5),  Tomes  8.  4;  Naa«e  and  Fmram,  PHager's  Arcb,.  63; 
Paderi,  Maly's  Jabresber.,  Bd.  ^, 

*  See  Chapter  I. 

^  See  Artbus,  1.  c;  Colenbramler,  Maly's  Jabreaber.i  22;  Rywoicbj  Geatratbl,  f« 
PhysloL,  Bd.  It  S.  495.  ^ 

*  CenlraibL  L  Pbysiol..  Bd.  12, 
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higher  OBDiotic  pressure.  This  lowering  of  the  freezing-point,  which  it 
greutest  after  passing  oxygen  througlj,  depends  on  the  formation  of  an 
nnknown  bodj,  which  does  not  distil  over  and  gives  at  least  one  of  tlie 
acetone  reactions. 

Besides  tJie  mentioned  enzymes  we  have  also  in  the  serum,  according  to 
the  observations  of  Hankiot  '  a  lipolytic  enzyme^  which  splits  neutral  fats. 
This  property  is  not  to  be  confounded  with  another,  observed  by  ConxsTEix 
and  MiciiAELis/  which  consists  in  transforming  the  fat  (chyle-fat),  in  the 
presence  of  oxygen,  into  an  unknown  substance,  soluble  in  water.  Thia 
property  is  connected  with  the  form-elements  of  the  blood. 

The  serum  also  coiiUiius  bodies  of  an  uokuoivu  kind  wLich  hnve  ibe  property  of  pr#- 
renting  ibe  action  of  certaiu  enzymes  sucti  us  reDDiu,  pcpsiu,  aud  trypaiii.* 

Among  the  bodies  which  are  fonnd  in  the  biood,  and  without  doubt  met 
with  in  smaller  or  greater  amounts  in  the  plasma,  are  to  be  mentioned  iirea^ 
uric  acid  (foand  in  human  blood  by  Abeles '),  trtfa/m,  varbamic  acid^ 
parahtcttc  acid,  and  kippnric  acid.  Under  pathological  conditions  the 
following  bodies  have  been  found:  xaufhin  bodies,  Uucin^  iyrosifiy  and 
h  Hi  art/  const  it  tie  n  /  s . 

The  coioriny  matters  of  the  blood-serum  aie  very  little  known.  In 
eqnine  hlood-eerum  biliary  coloring  matters,  bilirubin,  besides  other  coloring 
matters,  often  occur.  The  yellow  coloring  matter  of  the  serum  s'^ems  to 
belong  to  the  group  of  luteins,  which  are  often  called  Hpochromcs  or  fat- 
coloring  matters.  From  ox-serum  KECKENHEHf*  *  was  able  to  isolate  with 
amy  I  alcohol  a  eo-called  liypoohrome  whose  solution  shows  two  absorption- 
banda,  of  which  one  encloses  the  line  Fand  the  other  lies  between  Fand  Q. 

The  mineral  bodies  in  serum  and  plasma  are  qualitatively,  but  not 
quantitatively,  the  same.  A  part  of  the  calcium,  magnesium,  and  phos- 
phor ie  acid  is  removed  on  the  coagulation  of  the  fibrin.  By  means  of 
dialysis,  the  presence  of  sodium  chloride,  which  forms  the  chief  maoa  or 
ii()-TU'{i  of  the  total  mineral  bodies,  also  lime-salts,  sodium  carbonate, 
besides  traces  of  sulphur jc  and  phosphoric  acids  and  potassium,  may  be 
directly  Fhown  in  the  sernm,'  Traces  of  silicic  acid,  fluorine,  copi>er,  iron, 
manc:anese,  and  ammonia  are  claimed  to  have  been  found  in  the  sernm.  As 
in  moat  animal  fluids,  the  chlorine  and  sodium  are  in  the  blood -serum  in 
excei^  of  the  phosphoric  acid  and  potassium  (the  occurrence  of  which  in  the 
serum  is  even  doubted).  The  acids  found  in  the  ash  are  not  sufficient  to 
saturate  the  bases  found,  a  condition  which  shows  tliat  a  part  of  the  haseA 

^  CoHipL  leod.  s«>c,  biol.,  Tome  48,  and  Corapt,  reud.,  Tome  123* 

*  PiJDger's  Arcb*,  Bdd.  65  n.  69. 

*  8fe  linden.  M»ily's  Jaliresber..  B(L  17;  M.  Hahn,  Berb  kliri.  Wocbeoscbr.,  Bd. 

*  Wieo.  mtMb  J«brl»ncl»er,  1887. 

*  Bitzufigalier.  d.  Jeti.  Gesellscb.  f.  Med,,  1885. 

*  Bee  OUrber,  Yerbandl.  d.  phja.-med.  Ge»ellsch,  zu  Wtlrzbyrg^  Bd.  28, 
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i3  combined  vnih  orgaDic  sobstances,  perhaps  proteids.  This  coincides  also 
with  the  fact  that  the  great  part  of  the  alkalies  does  not  exist  in  the  Bernm 
as  diffusible  alkali  componnds,  carbonate  and  phosphate,  hut  as  non-diflusible 
compound,  proteid  combination.  According  to  IlAMiiUHGEri '  37*^  of  the 
alkftli  of  the  serum  from  horae-blood  was  diffnsible  and  63^  non-dtilnsible. 

The  gases  of  the  blood-Bernm,  which  consist  chiefly  of  carhon  *lioxide 
irith  only  a  little  nitrogen  and  oxygen,  will  be  described  when  treating  of 
the  gases  of  the  blood. 

Because  of  the  difficnlty  of  obtaining  plasma  only  a  few  analyses  have 
been  made*  As  an  example  the  reBtilta  of  the  analyses  of  the  blood-plasnm 
of  the  horse  will  be  given  below.  The  analysis  No.  1  was  made  by  IIoppe- 
Seyler-'  No*  2  is  the  average  of  the  resolts  of  three  analyses  made  by  the 
ACTHOE*     The  figures  are  given  in  1000  parts  of  the  plasma. 

No.  L  No.  2. 

Wttler 908.4  917.6 

Solids.,... §L6  83,4 

Total  proteida * 77.6  69.5 

Fibrin. 10.1  6.5     ' 

Globulin    .. , 33.4 

Semlhumin ....  24.0 

Fat... 1.31 

Extractive  snhstaDces 4.0  I  *n^ 

Solublesalls 6.4  f  ^"^^^ 

Inaolubk  sails 1.7  J 

Abderhalden  haa  made  complete  analyses  of  blood -sernm  of  several 
domeatic  mammals.  From  these  analyses  as  well  as  from  tfiose  made  hy  the 
antbor  of  the  sernm  from  Imman,  horse,  and  ox-blood  it  follows  that  the 
amount  of  solids  ordinarily  varies  between  70-97  p.  m.  The  chief  mass  of 
the  solids  consists  of  proteids^  ahou  t  55-84  p.  m.  In  hens  the  anthor  f  onnd 
mnch  lower  values,  namely ^  54  p,  m.  solids  with  only  39.5  p.  m.  proteid 
and  H.iLUBURTON  fonnd  only  25.4  p.  m.  proteid  in  frog'a  blood.  The 
relationship  between  globnlin  and  seralbamin  is,  as  shown  by  the  analyses  of 
IlAMiLiRSTEX,  IIalubuhtok,  and  RuitmiKi'MT,'  very  different  for  different 
animals,  bnt  may  also  vary  considerable  in  the  same  variety  of  animal.  In 
human  blood^sernm  tlie  anthor  found  more  i?eralbomin  than  globnlin,  and 
the  relationship  of  aerglobnlin  to  flendbamin  was  as  1  :  1.5.  In  regard  to 
the  quantity  of  tlie  remaining  organic  constituents  of  the  sernm  we  refer 
the  reader  to  Abderhaldex*s  complete  analyses  (page  171).  St.  Bugarskt 
and  F.  TAXCtL*  have  determined  the  molecular  concentration  of  tlie  blood- 


*  In  regard  to  metbod  see  Dn  Bois  ReyrjmmFs  Arcb..  1898. 

'  Clt.  from  V,  Goriip'Besimez's  Lehrbucii  der  pbjsiol.  Cbem.,  4.  Aufl..  p.  846. 

*  Abderbaldeii ,  Zeilacbr.  f.  phy.'^ioL  Chem.,  Bd.  -5;  Hanimarsten,  Pflllger'8  Arcb., 
Bd.  17;  Halllbiirtoii  Journ.  <^if  Physiol..  Vol.  7;  Rubbrecbtp  Travaux  du  laboratoire  de 
TiMlitut  de  phy«folg:e  de  Liege,  Tome  5,  1896, 

*Pflagers  Arcb!,  Bd  72. 
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eeram  of  cert&in  niamiDals>  and  find  that  it  has  only  a  slight  rn nation  ia 

different  animals,  about  0.320  mol.  per  litre.     Tbey  also  found  that  abont 

f  of  all  the  dissolved  molecules  of  the  blood -seram  are  eleotrolytee,  or  what 

amounts  to  the  same  things  are  inorganic,  and  that  correspondingly  the 

osmotic  preesure  of  blood-serum  is  brought  abont  chiefly  by  these  inorganic 

aalta. 

The  quantity  of  mineral  bodies  in  the  serum  has  been  determined  by 

many  investigators.     The  conclosiona  drawn  from  the  analyses  is  that  there 

exists  a  rather  close  correspondence  between  human  and   animal  blood- 

sernm,  and  it  is  therefore  safticient  to  give  here  the  analpis  of  C.  Schmidt  ' 

of  (1)  human  blood,  and  Bukge  and  Abderhaldek's  analyses  of  serum  of 

ox,  bull,  sheep,  goat,  pig,  rabbit,  dog,  and  cat.     The  results  correspond  to 

1000  parts  by  weight  of  the  serum. 

1  2 

K,0 0.387-0,401  0.226-O.270 

Na^O. 4.2W>-^290  4-251^442 

CI ,  3.565-3.659  8, 627^  170 

CaO 0.155-0,166  0.110^131 

MgO OJOl 0-040-0,046 

P*0»(iDorgO 0.052-0085 

The  amount  of  NaCl  is  abont  G  p.  m.,  and  it  is  remarkable  that  this 
amount  of  NaCl  remains  constant,  so  that  with  food  containing  an  excess 
of  NaCl  it  is  quickly  eliminated  by  the  urine,  and  with  food  poor  in 
chlorides  the  amount  in  the  blood  first  decreases,  but  increases  after  taking 
cblondea  from  the  tissnea*  The  secretion  of  chlorides  by  the  urine  is 
thereby  diminished. 

!!•  The  Form-eleiiieuts  of  tlie  Blood, 

The  Bed  Blood-corpuacles. 

The  blood-corpuscles  are  round,  biconcave  disks  without  membrane  and 

nncleus  in  man  and  mammalia  (with  the  exception  of  the  IJaniu,  the  camel, 

and  their  congeners).     In  the  latter  animals,  as  also  in  birds^  amphibia,  and 

^heB  (with  the  exception  of  the  eyclostoma),  the  corpuscles  have  in  general 

*    Ijuclens,   are  biconvex  and  more  or  lees  elliptical.     The  size  varies  in 

^     Kfferent  animals.     In  man  they  have  an  average  diameter  of  7  to  8  /i 

^N^^  —  0.001  mm.)  and  a  maximum  thickness  of  l.^^*,     Thev  are  heavier 

^^f/ijifi   the  blood-plasma  or  serum,  and  therefore  sink  in  these  liquids.     In 

|jje    discharged   blood   they   may   lie  sometimes  with    their   flat  surfaces 

?tiier«  forming  a  cylinder  like  a  roll  of  coin.     The  reason  for  this  is 

Unknown,  but  as  it  may  be  observed  in  defibrinated  blood  it  seems  probable 

f  bi»t  the  formation  of  fibrin  has  nothing  to  do  with  it.     On  account  of  the 

^i^crexit  bnojancj  of  the  blood-corpuscles  in  defibrinated  and  not  defibri- 
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nated  blood  has  lead  Biebkacei  *  to  the  view  that  the  hlood-corpascles  in 

living  blood  contaia  plasma  lo  their  interior  and  give  this  out  on  death. 

The  number  of  red  blood -corposclea  is  different  in  the  blood  of  varioog 
animals.  In  the  blood  of  man  there  are  generally  5  million  red  corpasclea 
in  1  c.mm.y  and  in  Troman  4  to  4,5  mil  Hon, 

On  diluting  the  blood  with  water  and  alternately  freezing  and  thawing 
it,  aa  also  on  shaking  it  with  ether,  or  by  the  action  of  chloroform  or  bile^ 
a  remarkable  change  takes  |iluce.  The  blood-coloring  matters,  which  are 
hardly  free  in  the  blood-corpuscles,  but  are,  rather,  combined  with  some 
other  sabstancOf  are  by  this  means  set  free  and  pass  into  solution,  while  the 
remainder  of  each  blood-corpaacle  forms  a  swollen  mass.  By  the  action  of 
carbon  dioxide,  by  the  careful  addition  of  acids,  acid  salts,  tincture  of 
iodine,  or  certain  other  bodies,  tbis  residoe,  rich  in  proteids,  condenses  and 
in  many  cases  the  form  of  the  blood-corpuscles  may  be  again  obtained « 
This  residue  has  been  called  the  stroma  of  the  red  blood-corpnscles. 

To  isolate  the  stromata  of  the  blood -corpuscles  they  are  washed  first  by 
dilating  the  blood  with  10-30  vols,  of  a  1-2^  oommon-salt  solution  and 
then  separating  the  mixture  by  centrifugal  force  or  by  allowing  it  to  stand 
at  a  low  temperature.  This  is  repeated  a  few  times  until  the  blood- 
corpascles  are  freed  from  serum.  These  purified  blood-corpuscles  are, 
according  to  Woold ridge,  mixed  with  5-0  vols,  of  water  and  then  a  little 
ether  is  added  until  complete  solution  is  obtained.  The  leucoeytea 
gradually  settle  to  the  bottom,  a  movement  which  may  be  accelerated  by 
centrifugal  force,  and  the  li<|uid  which  separutes  therefrom  is  very  carefully 
treated  with  a  1*/^  solution  of  KH8n^  until  it  is  about  as  dense  as  the  orig- 
inal blood.  The  separated  stromata  are  collected  on  a  filter  and  quickly 
washed. 

WooLDRiDOE  found  aa  constituents  of  the  stroma  lecithin^  chohstertn^ 
ftncleoalbumin^  and  a  ghhuHn  which,  according  to  UALLiB0iiTox,  is  prob-^ 
ably  a  niiclooproteid  which  he  calls  cell-ghhuUn.  The  cholesterin  contained 
in  the  blood -corpuscles  is  free,  according  to  Hepneu.'  The  biood-corpns- 
cles  do  not  contain  fatty  acid  cholesterin  ester.  Plasma  contains  besides 
such  esters  also  free  cholesterin.  No  nuclein  substances  or  seralbumin  or 
albumoses  could  be  detected  by  IIallibukton  and  Fkiend.  The  nucleated 
red  blomi-corpuscles  of  the  bird  contain,  according  to  PLdsz  and  Hoppe- 
Seyler,'  nuclein  and  an  albuminous  body  which  swells  to  a  slimy  mass  in  a 
10;i  common-salt  solution,  and  which  seems  to  be  closely  related  to  the 
hyaline  substance  {hyaline  stihstance  of  Rovida)  occurring  in  the  lymph- 


*  Zeitiichr.  f,  pbysiol.  Chem.,  Bdd.  ID  imd  28. 

*  Pflttger'a  Arclj.,  Bd,  73, 

•Wooldridge,  Du  Bois-Reymond'i  Archiv..  1881,  S.  887;  Halliburton  and  Priead, 
Jout'ual  of  PhjafoU,  Vol.  10;  Halliburtoo,  jMd.,  Vol.  18;  Hoppe^Beyler'a  Med.  chem. 
Uat«rsuch<«  S«  610. 
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cells.  The  red  blood -corpascles  without  any  nodens  are,  as  a  rnte,  tm 
poor  in  proteid  hut  are  rich  in  hi^moglobiti;  the  nncleated  corpoflclesvi 
richer  in  proteid  and  poorer  in  luvmoglobiE. 

A  gehitinonB,  fibrin -like  proteid  body  may  be  obtsixied  from  tie  iri 
blood -corpuscles  under  certain  circnmsfciinces*     This  fibrin-like    rs\m  '. 
been  observed  on  freezing  and  then  thawing  the  sediment  of  the  bloi 
Gorpuacles,  or  on  discharging  the  spark  from  a  large  Ley  den  jar  tbroagl 
the  blood,  or  on  dissolving  the  blood -corpuscles  of  one  kind  of 
the  scrum  of  another  (Laxpois,  strovm-Jibrin),     In  none  of  these  ca^ I 
it  been  shown  that  we  have  to  deal  with  a  fibrin  formation  at  the  expeiiM 
of  the  stroma.     It  seems  only  to  have  been  shown  that  the  red  blood- 
corpuscles    of    frog's    blood    contain     fibrinogen     (Alex.    ScHMiin  and 
Semmer'). 

The  mineral  bodies  of  the  red  corpuscles  will  be  treated  of  in  connection 
with  the  quantitative  constitation  of  the  same. 

The  mofft  important  constitnent  of  the  blood-corpuscles  from  a  physio- 
logical standpoint  seems  to  be  the  red  coloring  matter* 

Blood-coloring  Matters. 

According  to  Hoppe-Seyiee'  the  coloring  matter  of  the  red  bloo^l- 
corpuscles  is  not  in  a  free  state,  but  combined  with  some  other  substance. 
The  crystalline  coloring  matter,  the  haemoglobin  or  oxyhafmoglobin,  which 
may  be  isolated  from  the  blood,  is  conBidered,  according  to  IIoppk-Setlei, 
as  a  cleavage  product  of  this  combination,  and  it  acts  in  many  ways  niilike 
the   f|[ieationable   combination    itself.      This   combination   is    insoluble  in 
water   and    uncryBtallizable.     It   strongly   decomposes   hydrogen    peroxid* 
without   being   oxidized    itself;    it   shows   a   greater   resistance  to   certain 
chemical  reagents  (aa  potassium  ferricyanide)  than  the  free  coloring  mattef, 
and  lastly  it  gives  off  its  loosely  combined  oxygen  much  more  easily 
vacuum    than    the   free   pigment.     To   distingoish   between  the   cleavi 
products,  the  hEemoglobin  and  the   oxy haemoglobin,  IIoppe-Seyleb 
the  combinution  of  the  blood -coloring  matter  of  the  venous  blood -corpuscles 
phhhiii^  and  that  of  the  arterial  arttrin.     Since  the  above-mentioned  com- 
bination of  the  blood-coloring  matters  with  other  bodies,  for  example  (if 
they  really  do  exist)  with  lecithin,  have  not  been  closely  studied,  the  follow- 
ing statemeuts  will  only  apply  to  the  free  pigment,  the  haemoglobin* 

The  color  of  the  blood  depends  in  part  on  hcsmoglohin  or  pseuda- 
liwrnoghhin  (see  below),  anti  in  part  on  a  molecular  combination  of  this 
with  oxygen,  the  oTjfhwmoglohin.  We  find  in  blood  after  asphyxiation 
almost  exclusively  haemoglobin  (and  psendo-haemoglobin),  in  arterial  blood 

1  LuDdoiii,  CentrfilbL  f.  d.  med.  Wisseusch.,  1874,  S,  421;  8cliiuidt,  PflOger's  Aicb*, 
Bd.  11,  S.  650-550. 

*  ZeitBchr.  f.  pliysiol  Cixem.,  Bd.  13.  8.  47». 
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paproportionately  large  amonnta  of  oxyhfemoglobin,  aud  in  Tenoas  blood  a 
fixture  of  both.  Blood -coloring  matters  are  found  also  in  striated  as  well 
la  certain  Bmooth  muacles,  and  lastly  in  solution  in  ditferent  inverte- 
The  qnantity  of  haemoglobin  in  boman  blood  may  indeed  be 
^ttiewhat  variable  under  diflferent  circumstances,  but  amounts  to  about 
t^  on  an  average,  or  S.5  grammes  have  been  determined  for  each  kilo  of 
1©  weight  of  the  body. 

Hfemoglobin  belongs  to  the  group  of  compound  proteids,  and  yields  aa 
ILeavage  products,  besides  very  small  amonnts  of  volatile  fatty  acids  and 
Wier  bodies^  chie^y  proteid  and  a  coloring  matter,  htpmochromoffen  (about 
f),  containing  iron,  which  in  the  presence  of  o%ygen'  is  easily  oxidized 
bta  hwmatin.  Lawrow  ^  obtained  94.U9'i  proteid,  4.47^  ha?matin,  and 
l44*J  other  constituents  on  the  cleavage  of  oxyhaemoglobin.  He  considers 
the  proteid,  which  was  not  soluble  in  ammonia,  and  which  gave  a  precipi- 
tate with  nitric  acid  which  dissolved  on  warming  as  a  special  protein 
cabstance. 

Aa  suggested  by  Hoppe-Seyler,  and  later  shown  by  Schtxck  and 
MarcHlewski  a  close  relationship  exists  between  chlorophyll  and  the  blood 
pigment  becanse  a  derivative  of  the  first,  phylloporphyrin,  stands  very  clo«e 
in  certain  regards  to  a  derivative  of  the  blood  pigment,  lia^motoporphyrin. 
Both  bodies  give  the  pyrol  reaction  and  both  seem  to  be  constructed  from 
a  mother-substance,  whose  great  biological  importance  has  been  developed 
by  Nen(  Ki,' 

The  hoemoglobin  prepared  from  dillerent  kinds  of  blood  has  not  exactly 
the  same  composition,  which  seems  to  indicate  the  presence  of  different 
hEBtnoglobins.  The  analyses  of  different  investigators  of  the  haemoglobin 
from  the  same  kind  of  blood  do  not  always  agree  with  one  another,  which 
probably  depends  upon  the  somewliat  various  methods  of  preparation.  The 
following  analyses  are  given  as  examples  of  the  constitution  of  different 
heemoglobins: 

Hsmoglobiu  from  the    C 

Dog., 53,S5 

" 64.57 

^  Horse •....  54.87 

■  •* 51.15 

■  Ox ....,  54.66 

~  Pig,.- 54,17 

"     54.71 

GuiDea-pfg 54.12 

Squirrel  , .  54.09 

Goose 54,^6 

Hen 52.47 

*  Acoording  to  more  recent  determinations  of  Hufjteh  aod  .TAQrET(Dii  Bois-Rey- 
mond's  Arch.,  1894,  S.  175),  tbe  quantity  of  iron  in  ox  bffimoglobm  is  0.336^  (average  of 
5  analyses). 

*  Zeitschr.  f.  pliyaiol  Cliem.,  Bd.  26. 

*Schunckand  Marcblewski,  Anaal  d.  Cbem.  u.  Pbann.,  Bdd.  278,  284,  388,  290; 
^euckl.  B«r.  d.  deutsch.  ctiem.  Gesel^h.,  Bd.  29. 
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7.32 

16.17 

0.890 

0.430 

21.84 

(HorPE-SEYLEB) 

7.22 

ie.38 

0.568 

0.386 

20.93 

(JAqUET) 

e.97 

17.31 

0,650 

0,470 

19.73 

tK08SKL) 

a.  76 

17.94 

0.390 

0  385 

23.43 

(ZlNOFFSKY) 

7.S5 

17.70 

0,447 

0.400*  19.543 

IHufneb) 

7.88 

16.23 

0.660 

0.430 

3L360 

.  (Otto) 

7.38 

17,43 

0.479 

€.399 

19.602 

(UUFNKK) 

7.3ft 

16.78 

0.580' 

0.480 

20.680 

(HoppE'Seyi^eh) 

7,89 

16.09 

0.400 

0.590 

21.440 

*i 

7.10 

16.21 

0.540 

0.480 

20.690 

0.77 

7.19 

16.45 

0.857 

0.335 

22.500 

0.197  (Jaquet) 
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The  question  whether  the  amount  of  phospborns  in  the  hsemoglobin 
from  birda  exists  as  a  cod  tami  nation  or  aa  a  constitaent  has  not  been 
decided.  According  to  Inoku  the  hsemoglobin  from  goose's  blood  consista 
of  a  combination  between  nncleic  acid  and  haemoglobiu.  In  the  ha-mo- 
globia  from  the  horse  (Zinoffskt),  the  pig,  and  the  ox  (IICfner)  we  have 
1  atom  of  iron  to  2  atoms  of  sulphur,  while  in  the  haemoglobin  from  the 
dog  (Jaquet)  the  relation  is  1  to  3.  From  the  data  of  the  elementary  J 
analysifl,  as  also  from  the  amount  of  loosely  combined  oxygen,  HCfxeb*! 
lias  calculated  the  molecular  weight  of  dog*h Hemoglobin  as  14,120  and  th#l 
formula  <^',„n,i,3ftN,Ml''^^i^*iir  '^^^^  molecular  weight  is  therefore  Terjl 
high.  The  haemoglobin  from  various  kinds  of  blood  not  only  shows  aj 
diverse  constitution,  but  also  a  different  solubility  and  crystalline  form,  and! 
a  varying  quantity  of  water  ol  crystallization;  hence  we  infer  that  there  arM 
several  kinds  of  hjK^moglobin.  Bohr  is  a  very  zealous  advocate  of  thitj 
snpposition.  He  has  been  able  to  obtain  hemoglobin  from  dog  and  horsei 
blood,  by  fractional  crystallization,  which  hatl  different  power  of  combining  ^ 
with  oxygen  and  containing  dilTereut  quantities  of  iron.  Hoppe-Sejlee 
had  already  prepared  two  different  forms  of  hfumoglobin  crystals  from 
horse*8  blood,  and  Bohh  conclndes  from  a  collection  of  these  observations 
that  the  ordinary  h&moglobin  consists  of  a  mixture  of  different  haemo- 
globins. In  opposition  to  this  statement  IIukxkr'  has  shown  that  only 
one  ho^moglobin  exists  in  ox-bloody  and  that  this  is  probably  true  for  the 
blood  of  many  other  animals,  fl 

OxyhsBmoglobin,    wliich    has    also    been   called    h^^matoglobulix   or^ 

n^MATOciiYSTALLiN,    is    a   molecnlar  combination    of    ha?.moglobio    and 

oxygen.     For  each  molecule  of  haemoglobin  1  molecule  of  oxygen  exists; 

and  the  amount  of  loosely  combined  oxygen  which  is  nnited  to  1  gnn, 

haemoglobin   (of  the  ox)  has  been  determined  by  IIufnkk'  as  1.34  c.c.  ] 

(calculated  at  0""  C,  and  7G0  mm.  mercury), 

Acconling  to  Bohu*  Ihe  facU  are  dJUerent.  He  differeiiliaies  between  four  d[ffereii|.l 
oxyha^mogloblna,  accfirdjiigio  the  qimntUy  of  oxygtii  wliuli  ihey  fib.wrb,  Qn:iielj,  a-,  /3,*] 
y  \  and  <5  oxyhffirnoglobiu.  vM  having  tlie  sume  absorptkiD  spfctnjin  and  1  gin.  i-oinbro- j 
io^  wilh  reaped ively  0.4,  6.8,  1.7.  und  2.7cc.  oxy^^^en  al  tbt^  ivmperamrc  of  the  nwui  aDdj 
with  an  oxygen  pressure  of  150  mm.  mercury,  Tlie  ^-oxybiemoglobin  is  the  ordluflry  1 
oue  obfained  by  the  customary  tneihod  of  preparatinn.  Bomi  designates  8Aa-oxybet^| 
moglobio  ibe  crystal  line  powder  obtiiioed  by  drying  ^  oxyljiemoglol>m  in  the  sir.  On| 
disdolvlog  a-oxybtemoglobin  la  water  it  la  converted  lutii  i£f  beemoglobin  without  decom« 


'  HoppeSeyler,  Med.  clicm.  Untersucb.,  S.  370  ;  Jaquet.  Zelis^hr.  f,  pliysto),  Cliem., 
Bd,  14.  S.  290  1  Kossel,  ibid.,  Bd.  2,  B,  15<>  ;  ZinofTBky,  %hid.,  Btl  10;  HlYfner  Beilr. 
a.  PljysioL,  Feslacljr.  f.  C.  Ludwig,  1887,8.  74-^1.  Jouru.  f.  prakt,  Cbum.  (N*  F.)i j 
Bd,  23;  Otio.  Zeitsebr.   f.  pbysiol.  Chem.,  Bd,  7.  8.  61  ;  Inoko.  tA/VI.,  Bd.  18. 

'  *'  Sur  lea  combinaisona  dc  rbeinoglohine  avec  T oxygen e."    Extniit  du  BuUetfn  de  I 
rAcademie  Royals  Danuise  des  Bciences.  1890;  also  Centralbl.  f.  PbysfoL.  1890.  S.  249; 
Hoppe-Seyler,  Zeitacbr.  f,  pliysiol,  Cbem.,  Ed.  2  •  HUfuer,  Da  Bois-Reyiuond's  Arch,, 
1S94. 

•  Du  BoiB-Reymond'a  Arch..,  1894 
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pQftiliOQ*  aod  Ibe  quantitj  of  iroo  U  iocrcased.  On  keepio|  a  solution  of  ^  oxjhiemo- 
globitt  In  a  sealed  tube  ii  ia  transforoifil  Jnto  ^-oxjbseraoglfibin,  altboLigh  ihe  drcum- 
slAjaces  of  this  cttonge  are  not  kiiowD,  Accordiuc  to  HUfiier'  these  are  uotUlng  but  a 
mixture  of  geuuiae  aod  partly  decomposed  batmoglobitis. 

The  ability  of  hfemoglobin  to  take  up  oxygen  seems  to  be  a  funotion  of 
the  iroa  it  contains,  and  when  this  is  ealcolated  as  abont  0*33-0,405^,  then 
1  atom  of  iron  in  the  hfemoglobin  corresponds  to  aboat  1  atoms  =  1  mole- 
cule of  oxygen.  The  combination  of  haemoglobin  with  oxygen  is,  as  has 
been  stated,  loose  and  dissociatuhle,  and  the  quantity  of  oxygen  taken  np 
by  a  haemoglobin  solution  depends  upon  the  partial  pressare  of  the  oxygen 
at  that  teniperatnre*  If  this  latter  be  decreased  hy  means  of  a  yacnam, 
especially  on  gently  heating  or  by  passing  some  indifferent  gas  through  the 
«oUition,  all  of  the  oxygen  may  be  exjielled  from  an  oxyha>moglohin  solution 
so  that  only  haemoglobin  remains.  The  reverse  of  this  is  true  of  a  ha?njo- 
glob  in  solution  which  by  its  remarkable  attraction  for  oxygen  may  be 
converted  into  oxyha?moglobin.  Oiyhmmoglobin  is  generally  considered  as 
A  weak  acid. 

Oxy haemoglobin  has  been  obtained  in  crystals  from  several  varieties  of 
blood.  These  crystals  are  blood-red,  transparent,  eilky,  and  may  be  ^-3 
mm.  long.  The  oxyhgenioglobin  from  squirrel *8  blood  crystallizes  in  six- 
sided  plates  of  the  hexagonal  system;  the  other  varieties  of  blood  yield 
needles,  prisms,  tetrahedra,  or  plates  whicli  belong  to  the  rhombic  system. 
The  quantity  of  water  of  crysttillization  varies  between  B-lOj^  for  the 
ilifterent  oxyhsemoglobins.  When  completely  dried  at  a  low  temperatnre 
over  sulphuric  acid  the  crystals  may  be  heated  to  110-115*^  0,  without 
decomposing.  At  higher  temperatures,  somewhat  above  1(jO°  C,  they 
decompose,  giving  an  odor  of  burnt  horn,  and  leave,  after  complete  com- 
IjustioD,  an  ash  consisting  of  oxide  of  iron.  The  oxyliBemoglobin  crystals 
Irom  difficultly  crystallizable  kinds  of  blood,  for  example  from  such  as  ox's, 
hnman,  and  pig*s  blood,  are  easily  soluble  in  water.  The  oxyliseraoglobin 
from  easily  crystallizable  blood,  as  from  tixat  of  the  horse,  dog,  squirrel, 
and  guinea-pig,  are  soluble  with  difficulty  in  the  order  above  given.  The 
ozyhiemoglobin  dissolves  more  easily  in  a  very  dilute  solution  of  alkali  car- 
bonate than  in  pure  water,  and  this  solution  may  be  kept.  The  preaeuce 
of  a  little  too  mach  alkali  causes  the  oxyhtemoglobin  to  quickly  decompose* 
The  crystals  are  insoluble  without  decolorization  in  absolute  alcohol. 
According  to  Nencki,'  it  is  hereby  converted  into  an  isomeric  or  polymeric 
uiodification,  called  by  him  parahmnioglohin.  Oxyhemoglobin  ia  insoluble 
in  ether,  chloroform,  benzol,  and  carbon  disulphide* 

A  solution  of  oxyha3moglobiu  in  water  h  precipitated  by  many  metallic 
ialtAi  bat  ia  not  precipitated  by  sugar  of  lead  or  basic  lead  acetate.     On 


*  Du  BoiS'Reymoud'ft  Arcliiv.  1884. 

*  Neocki  aud  Siebi^r,  Ber.  d.  deutacb.  cbem.  Q«flell8cb.^  Bd.  18. 
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heating  the  watery  Boltition  it  decomposas  at  CO®  to  70**  C,  and  it  splits  off 
protekl  and  hstf matin.  It  is  also  readily  decomposed  by  acids,  alkalies^  and 
many  metallic  salts.  It  gives  the  ordinary  reactions  for  proteids,  with  the 
ordinary  proteid  reagents  which  first  decompose  the  oxyhaBmoglobin  with 
the  splitting  off  of  proteid. 

TJie  oxyha?moglohin  may,  when  it  is  gradnally  oxidized,  act  as  an 
**  ozone  exciter'*  by  the  decomposition  of  neutral  oxygen,  conrerting  it 
into  active  oxygen  (Pfluger'),  It  may  also  liave  another  relation  to 
ozone,  since  it  has  the  property  of  an  **  ozone  transmitter''  in  that  it  causes 
the  reaction  of  certain  reagents  (tnrpentine)  containing  ozone  npon  ozone 
reagents  such  as  tinctare  of  gnaiacnni, 

A  sufficiently  dilute  solution  of  oxyhemoglobin  or  arterial  blood  shows 
a  spectra m  with  two  absorption-bands  between  the  Fracxhofer  lines  D 
and  E.  The  one  band,  <r,  which  is  narrower  hot  darker  and  sharper,  lies 
on  the  line  D\  the  otlier,  broader,  less  defined  and  less  dark  band,  /J,  lies 
at  E,  These  bands  can  be  detected  in  a  layer  of  1  cm.  thick  of  a  U.lfl 
p.  m.  solution  of  oxyhaemoglobin.  In  a  still  weaker  dilntion  the  band  p 
first  disappears.  By  increased  concentration  of  the  solution  the  two  bands, 
become  broader,  the  space  between  them  smaller  or  entirely  obliterated,  and 
at  the  same  time  the  blue  and  violet  jmrt  of  the  spectrnm  is  darkened. 
The  oxy haemoglobin  may  be  differentiated  from  other  coloring  matter 
having  a  similar  absorption -spectrnm  by  its  behavior  towards  reducing  ant 
stances.     (See  below.)* 


A  great  many  methods  have  been  proposed  for  the  preparation  of 
oxyhiemoglobin  crystals,  but  in  their  chief  features  they  all  agree  with  the 
following  method  as  suggested  by  IIopfe-Seyler:  The  washed  blood 
corpuscles  (best  those  from  the  dog  or  the  horse)  are  stirred  with  2  vols.! 
water  and  then  shaken  with  ether.  Alter  decanting  the  ether  and  allowing' 
the  ether  which  ia  retained  by  the  blood  solution  to  eva^^orate  in  an  ope: 
dish  in  the  air,  oool  the  filtered  blood  solution  to  0°  C,  add  while  stirrin 
J  veh  of  alcohol  also  cooled,  and  allow  to  stand  a  few  days  at  —  5"  to 
—  10°  C.  The  crystals  wiiich  separate  may  be  repeatedly  recrystallized  by 
dissolving  in  water  of  about  35 ""  C,  cooling  and  adding  cooled  alcohol  aa 
above.  Lastly-^  they  are  washed  with  cooled  water  containing  alcohol 
{^  vol,  alcohol)  and  dried  in  vacnuni  at  0"^  C.  or  a  lower  tcmjieratare* 
According  to  Uscheidlek^s*  invest igaticpns,  oxyha^moglobin  crystals  may 
be  obtained  from  difficultly  crystalliaable  varieties  of  blood  by  allowing  the 
blood  first  to  putrefy  slightly  in  sealed  tubes.  After  shaking  with  air  by 
which  the  blood  is  again  arterialized,  proceed  as  above. 

For  the  preparation  of  oxy haemoglobin  cj^ystals  in  small  quantities  froti 


te 

i 


»  Pflflger's  Aroh,,  Bd.  10. 

»  Hoppe-Seyler.  Med.^hem.  Uotermicli.,  S*  181  :  Gschcidlen,  PflQger'a  Arch.,  Bd,  16. 

♦  Zeitschr.  f.  Biologie,  Bd.  34,  coutuina  the  investigatioiia  of  Uamoee  on  the 
lion  of  liie  ultraviolet  rays  by  the  blood  pigment.     Il  t&lao  coaluias  »ome  of 
fDvestigationa. 
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|1»lood  easilj  cryBtallized,  it  is  often  sn^Lcient  to  stir  a  drop  of  blood  with  a 
"ittl©  water  on  a  microscope  slide  and  allow  the  nxixture  to  evaporate  so  that 
Ithe  drop  ia  anrronaded  by  a  dried  ring.  After  covering  with  a  thin  glass, 
le  cryBtals  gradually  appear  radiating  from  the  ring.  These  crystals  are 
flormed  in  a  surer  manner  if  the  blood  is  first  mixed  with  some  water  in  a 
[test-tube  and  shaken  with  ether  and  a  drop  of  the  lower  deep-colored  liqoid 
I  treated  as  above  on  the  slide. 

HaBmoglobin,  also  called  redtced  h.emoolorin   or  pl:rple   crforin 

[(Stokes  '),  occars  only  in  very  small  quantities  in  arterial  blood,  in  larger 

iquantitiee  in  venoua  blood,  and  is  nearly  the  only  blood -coloring  matter 

asphyxiation. 

Hsemoglobin  is  mnch  more  solnble  than  the  oxyhfemoglobiu,  and  it  can 

therefore  only  be  obtained  as  crystals  with  difficulty.     These  crystals  are  aa 

I  a  rale  iaomorphous  to  the  corresponding  oxyhtemoglobin  crystals,  but  are 

I  darker,  having  a  shade  towards  blue  or  purple,  and  are  decidedly  more 

pleochromatic*      Its   solutions   in    water   are   darker   and   more   violet   or 

parpliah  than  solutions  of  oxyhtBmoglobin  of  the  same  concentration.    They 

abeorb  the  bine  and  the  violet  rays  of  the  spectrum  in  a  less  marked  degree, 

hot  strongly  absorb  the  rays  lying  between  C  and  i>.     In  jiroper  dilution 

the  Bolntion  shows  a  spectrum  with  one  broad,  not  sharply  defined  band 

between  D  and  E,     This  band  does  not  lie  in  the  middle  between  D  and  iT, 

bat  is  towards  the  red  end  of  the  spectrooi,  a  little  over  the  line  A     A 

bsemoglobin  solution  actively  absorbs  oxygen  from  the  air  and  is  converted 

into  an  oxyhsBDioglobin  sointioii. 

A  solution  of  oiyha^raoglobin  may  be  easily  converted  into  a  solution 

! having  the  spectrum  of  haemoglobin  by  means  of  a  vacuum,  b}^  passing  an 
inditlerent  gas  through  it,  or  by  the  addition  of  a  reducing  substance,  as, 
lor  example,  an  ammoniacal  ferro-tartrate  solution  (Stokes'  reduction- 
liqoid).  If  an  oxy haemoglobin  solution  or  arterial  blood  is  kept  in  a  sealed 
lube,  we  observe  a  gradual  consumption  of  oxygen  and  a  reduction  of  the 
oxyhemoglobin  into  hibmoglobin.  If  the  solution  has  a  proper  concentra- 
tion, a  crystal lization  of  hsBmoglobin  may  occur  in  the  tube  at  l«wer  tenn 
peratnres  (Hufner'). 

FitndohaBinogloblii.  Lttdwio  and  Sikgfrikd  ■  have  ob^rved  that  blood  which  has 
[been  reduced  bj  hypoaulpbites  so  completely  that  the  oxyhBemoglobiD  spectrum  disap- 
pears aad  only  the  Laemog^lobin  spectnim  is  se«u  yields  large  atuoimtn  of  oxygen  whi'O 
^exposed  to  a  vacnura.  Blood  which  hm  been  reduced  by  iLe  prvasage  of  u  tTtreara  of 
1  bydrog€ti  through  it  uotil  the  oxybiEmogiobin  spectrum  disappears  acta  in  tbe  same 
1  laaiiner.  Ilence  a  loose  comhiDation  of  hieiuoglobln  aod  oiygen  exists  wbich  givea  the 
I  jyemogtobLn  spectrum,  and  this  combloftiioQ  is  called  pseudohtcmoglobio  by  Ludwiq 
^aad  SiHoFRiED-  Paeudobtemoglobin,  whose  presence  has  been  detectod  io  Jisphyiiation 
blocxt  from  dogs,  is  considered  by  the  APTnoii  as  ao  inter  mediate  step  between  bjemo- 

fiabin  mod  oxyhffiuiaglobio  oo  the  reduction  of  the  latter.     The  oocurreDce  of  pseudo- 
smoglobia  seems  not  to  have  been  positively  proved -* 


♦  Phlloaopbical  Magazine.  Vol.  28,  No.  190,  Nov,  1864. 

'  2eit«chr,  f.  physioI,  Chem.,  Bd.  4 

^Du  Bois-Iieymond's  Archiv,  1800  ;  see  also  Ivo  Novi.  Pflager'a  Arcblv.  Bd,  56. 

I&ee  HQfair,  Du  Bois^Reymoud  a  Arch.,  189-1,  S,  140. 
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Meths&moglobia,  This  name  has  been  giren  to  a  coloring  matter  which 
is  easily  obtnined  from  oxyhemoglobin  as  a  transformation  product  and 
which  has  been  correspondingly  found  in  tranaodations  and  cystic  fluids 
containing  blood,  in  urine,  in  baeoiaturia  or  hBemoglobinnria,  also  in  urine 
and  blood  on  poisoning  witb  potassium  chlorate,  amyl  nitrite  or  alkali^ 
nitrite,  and  many  other  bodies-  ™ 

Metha?moglo1iin  does  not  contain  any  oxygen  in  molecular  or  dissociable 
combination,  but  still  the  oxygen  seems  to  be  of  importance  in  the  forma- 
tion of  nietheemoglobin,  because  it  is  formed  from  oxyhaemoglobin  in  the 
absence  of  oxygen  or  oxidizing  agents,  and  not  from  haemoglobin.  If 
arterial  blood  be  sealed  up  in  a  tube,  it  gradually  consumes  its  oxygen  and 
becomes  venous,  and  by  this  absorption  of  oxygen  a  little  methjemoglobin 
is  formed.  Tlie  same  occurs  on  the  addition  of  a  small  quantity  of  acid  to 
the  blood.  By  the  spontaneons  decomposition  of  blood  some  niethssnio* 
globin  is  formed,  and  by  tlie  action  of  ozone,  potassium  permanganate, 
potassium  ferricyanide,  chlorates,  nitrites,  nitrobenzol,  pyrogallol,  pyro- 
catecliiu,  acetanllid,  and  certain  other  bodies  on  the  blood  an  abundant 
formation  of  meth^emoglobin  takes  place. 

According  to  the  investigations  of  Hufker,  Kulz,  and  Otto  methfemo- 
globin  contains  just  as  much  oxygen  as  oxy haemoglobin,  but  it  is  more 
strongly  combined.  AccordiDg  to  Kaldane  methaBmoglobin  contains  two 
combined  oxygen  atoms,  while  in  oxy haemoglobin  an  oxygen  molecule  i« 
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and  Saarbach  claim  that  a  methaeraoglobin  solution  is  first  converted  inhl 
an  oxybeemoglobin  and  then  into  a  iiasnioglobin  solution  by  reducing  sub- 
stances, while  Hoppe-Seyler  and  iVBAKi  *  claim  that  it  is  converted 
directly  into  a  hismoglobin  solution, 

Metha*moglobin  crystallizes  as  first  shown  by  HOfneb  and  Otto  in 
brownish-red  needles,  prisms,  or  six-sided  plates.  It  dissolves  easily  ii 
water;  the  solution  has  a  brown  color  and  becomes  a  beautiful  red  on  the' 
addition  of  alkali.  The  solution  of  the  pure  substance  is  not  precipitated 
by  basic  lead  acetate  alone,  but  by  basic  lead  acetate  and  ammonia.  The 
absorption -spectnim  of  a  watery  or  acidified  solution  of  methsemoglobin  is, 
ftocording  to  Jaderholm  and  Bertin-Saxs,  very  similar  to  that  of 
hajmatin  in  acid  solution,  but  is  easily  distinguished  from  the  latter  since» 
on  the  addition  of  a  little  alkali  and  a  reducing  substance,  the  former 
passes  over  to  the  spectrnm  of  reduced  haemoglobin,  while  a  hafmatin  solu- 
tion under  the  same  conditions  gives  the  spectrum  of  an  alkaline  hsemo* 

*  Olio,  Zeitschr.  t,  physiol,  Cbem..  Bd.  7  ;  Haldane,  Joorn.  of  Pbyaioh,  Vol.  S3; 
Jaderholm,  Zeitscbr.  f.  Bioltii-ic.  Bd,  16 ;  Saarbach,  PliUger^B  Arch..  Bd.  38;  Araki, 
Zeiiflchr,  f.  pliyaiol.  Chem.,  Bd.  14. 
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ehromogen  solution  (see  below).  Meth^ijmoglobin  in  alkaline  solntLon  shows 
two  absorption-baiids  which  are  like  the  two  oxyhemoglobin  bands,  but 
they  differ  from  these  in  that  the  band  /?  is  stronger  than  a.  By  the  side 
[)£  the  band  a  and  united  with  it  by  a  shadow  lies  a  third,  fainter  band 
dtween  C  and  />,  near  to  D.  According  to  other  investigators,  Araki 
Fand  DiTTRicH,  a  neutral  or  faintly  acid  methaemoglobin  solution  siiows 
only  one  characteristic  band  a  between  C  and  /),  and  the  second  band 
l>etween  D  and  H  is  only  due  to  contamination  with  oxyhaBmoglobiu 
(Menzies)/ 

Crystallized  metha?moglobin  may  be  easily  obtained  by  treating  a  con- 
centrated Boluton  of  oxyhfemoglohiu  with  a  suflicieut  quantity  of  concen- 
trated potassium  ferriycanide  solution  to  give  the  mixture  a  porter-brown 
color.     After  cooling  to  0""   C.   add  J  vol.  cooled   alcoliol  and   allow  the 

Iinixture  to  stand  a  few  days  in  the  cold.     The  crystals  may  be  easily  purified 
%y  recrystallizing  from  water  by  the  addition  of  alcohol, 
I       pHOTOMETn^MOOLOBix  IS  the  name  given  by  Bock  "  to  a  modification 
of  methsemoglobin,  produced  under  the  inflnence  of  sunlight,  which  gives  a 
spectrum  very  similar  to  haemoglobin. 

Carbon  Monoxide  Hsemoglobin  *  is  the  molecular  combination  between 

^Ll  niol.  hsemogiobin  and  1  moL  CO,  according  to  IIufner,*  which  contains 

^1.338  c.c.  carbon  monoxide  (at  U"  and  760  mm.  Ilg)  for  1  gm.  hamioglobin. 

This  combination  is  stronger  than  the  oxygen  combination  of  ha-moglobin. 

■iThe  oxygen  is  for  this  reason  easily  driven  oft  by  carbon  monoxide,  and 
this  explains  the  poisonous  action  of  carbon  monoxide,  whicii  kills  by  the 
expnlsiou  of  the  oxygen  of  the  blood. 

Carbon  monoxide  hiKmoglobin  is  formed  by  satn rating  blood  or  a  ha?mo- 

tgiobin  solution  with  carbon  monoxide,  and  may  be  obtained  as  crystals  by 
She  same  means  as  oxyha?moglobin.  These  crystals  are  isomorphous  to  the 
oxybffimoglobin  crystals,  but  are  less  soluble  and  more  stable,  and  their 
"blnish-red  color  is  more  marked.  For  the  detection  of  carbon- monoxide 
hiemoglobin  its  absorption  spectrum  is  of  the  greatest  importance.  This 
apectrum  shows  two  bands  which  arc  very  similar  to  those  of  oxyha'mo- 
globin^  but  they  occor  more  towards  the  violet  part  of  the  spectrum.  These 
bandB  do  not  change  noticeably  on  the  addition  of  reducing  substances^ 
this  c^justitutea  an  important   difference   between  carbon  monoxide  and 


'  Jiilerhrdra,  1.  c. ,  Berdo-Sens,  Comp.  remL,  106;  Dittrich,  ArIi.  f.  exp.  Path.  ii. 
Pliami.,  Bd,  20;  Meuzies.  Joum.  of  PbysioL,  Vol.  17,  Important  refereaces  on 
metlxtemoglobin  are  giveu  by  Otto*  Pfiilger'a  Arcb.,  Bd.  81, 

»  Skand.  Arch.  f.  Pliysiol, ,  Bd.  6 

•  In  reference  to  carbon  monoxide  beBnioglobin  see  especially  Hoppe-Seyler,  Med. 
clicm.  Uuicrsuch.,  S,  201  ;  CeutrttlbL  f.  d,  med,  WlsaeDScb.,  1864  mid  1865  ;  Mlschr* 
1  pbysioL  Chenu,  B<lfL  1  nod  la. 

*  Du  BoiB-Reymoud'B  Anbiv,  Physiol.  AbUi.,  1894.     On  the  dlsaociatiou  constant  of 
ibon  monoxide  biemoglobm,  Bee  ibid.,  1895. 
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oxyhfemoglobia.  If  th«  blood  contains  oxyhsBmoglobin  and  carbou-mon* 
oxide  lioemogiobin  at  tbe  same  time,  we  obtain  on  the  addition  of  a  redQciog 
substance  (ammoniacal  ferro- tartrate  eolation)  a  mixed  spectrum  originatiag 
from  the  hfemoglobhi  and  carbon -monoxide  hsemoglobin. 

A  great  many  reactions  have  been  BUggested  for  the  detection  of 
carbon -monoxide  bjemoglobin  in  medico-legal  cases.  A  simple  and  at  ^^^ 
eame  time  a  good  one  is  Hoppe-Seyleh's  soda  test.  The  blood  h  tr^  • 
with  double  its  Tolume  of  imustic-soda  solution  of  1.3  sp.  gr.,  by  whicL 
ordinary  blood  ig  converted  into  a  dingy  brownish  mass,  which  when 
spread  out  on  porcelain  is  brown  with  a  shade  of  green.  Carbon-monoxide 
blood  gives  under  the  same  conditions  a  red  mass,  which  if  spread  outoa 
porcelain  shows  a  beautiful  red  color.  Several  modifications  of  thiis  ten 
have  been  proposed* 

Ab  QCfytrdiijjBT  to  BoiiK  ihere  ftre  seveml  oxybismoglobitLS,  so  alao,  according  to  Ii<  i 
and  Bock/  llii-Te  an?  several  carbon  mcmoxidf?  hBDmogloblns,  with  diflturtui  anjouLi-  f 
ctirboD  moQoxklu.     As  bfiemoglobfii  c;lu  unite  wilb  oxygen  and  carbon  dioxide  »;muf- 
litDeougly,  as  sliown  by  BoHR  and  Toner,  so  also  can  it  unite  with  carbon  mouoiidt  lod 
carbon  dioxide  siniultuneously  independently  of  each  oiiicr* 

Carbon  monoxide  metlMBJiiogiobin  lias  been  prepared  by  Weil  and  v.  Akbef  by  the 
action  of  pnuuisiiiiii  periniiQguiiati!  on  cnrbon  monoxide  haemoglobin »  but  ibis  U  coo- 
irmlicled  by  Biiiutin  Sans  and  Moite^sieu.'  Sulphur  metliaemoglobin  is  the  uamt 
given  by  HoppeSeyler*  to  tbat  coloring  mailer  wbicU  ia  formed  by  ibe  aciioD  of 
sutphuretied  liydtogen  or  oxybttmoglobiu.  Tbe  solution  bas  a  greenlsbied,  dirt? 
color  and  jsbowa  iwo  ab,soTpliou-band9  between  C  and  D.  This  coloring  matter  i» 
claim od  lo  be  the  greeni&h  color  seen  on  tbe  sprface  of  putrefying  tieab.  E.  Harnac£* 
ha4  investigated  ihe  action  of  sulphtnetitd  hydrogen  und  acida  on  the  blood-pigtneui. 
In  Uieso  investigations  certain  oi  Hoppe-Sktlkrs  stntcmenU  in  regard  lo  aulphvirj 
meihtiMuoglobin  and  the  action  of  the  above  gases  on  ihe  blood- pi gmentSp  have  been  con^f 

Carbon-dioxide  Hsemoglobin,   Carhohmmoglobin.     H^enaoglobm,   accord* 
ing  to  Bonn  and  Torup/  also  forms  a  molecular  combination  with  carbon 
dioxide  whose  spectrum  is  similar  to  that  of  haemoglobin.     According  to 
BoHtt   there   ar<»   three  differont  carbohajraoglobins,    namely,   a-^   fi-^  and 
y'-carbohifimoglobin,  in  which  1  gm.  combines  with  respectively  1.5,  3*  and 
C  c.c,  CO,  (measured  jit  0''  C.  and  7*jO  mm.)  at  +  \S^  C.  and  a  pressure  oM 
60  mm,  mercury.     If  a  haemoglobin  eolattoti  is  shaken  with  a  mix  to  re  oB 
oxygen  and  carbon  dioxide,   the  hsemoglobin   combines   loosely  with  tho 
oxygen  as  well  as  carbon  dioxide,  independently  of  each  other,  jnst  as  i^ 
each  gas  existed  alone  (Bojik).     He  considers  that  the  two  gases  are  coinS 
bined  with  different  parts  of  the  hasmoglobin,  namely,  the  oxygen  with  the 
pigment  nucleus   and    the   carbon   dioxide  with  the   proteid   component. 

'  Ccntralbh  f.  Pliysiol.  Bd  8,  and  Mnly's  Jabresber.,  M.  25. 

'v.  Anrep»  Bu  Bois-lieymond's  Arch.,  1880;  Sana  and  Moiteasier,  Compt.  rend«. 
Tome  113, 

*  Med,-chem.  Unlersiich.,  S.  151.     Sec  Araki,  ZeiUchr.  f.  phydoL  Chem., 

*  Zeil&chr.  f  pbysiol.  Cbem.,  Bd,  26. 

*  Bohr,  Extralt  du  Bull  dc  FAcud.   Danoise,  lem     Ceolralbl,  f.  PhydoJ.^ 
Torup,  Maly*8  Jahreaber..  Bti.  17. 
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According  to  Torup  the  hfemoglobin  must  therefore  be  pnrtly  decomposed 

bv  the  carbon  dioxide  setting  free  some  proteid. 

Kitric-oxide  Hemoglobin  is  also  a  cryBtalliqe  molecular  combination 

rhich  is  even  stronger  than  the  carbon-monoxide  hseoioglobin.     Its  solntion 

rs  two  absorption-bands  which  are  paler  and  less  sharp  than  the  carboo- 

loxide  haemoglobin  bands^  and  they  do  not  disappear  on  the  addition  of 

lacing  bodies, 

Hiemoglobiii  iUm*  form;^  a  molecular  comliinutifjii  with  ttcttylent\     HydroeyntUc  ti^vl 

nlcci  claimed  to  form   a  conibiiiaiioQ  with   Ijivroof^lobin,     MKiliiiimoglobio   sobiiinus 

ne  of  A  benuiiful  red  color  by  Ibe  ai-iiou  of  hydrocyauk  Bcld,  rmd,  acconllug'  to 

SiiT,^  cyauTarilutttiogiobin  la  probably  formuil.    ItH  speciruai  is  very  similikr  to  ihat  of 

Boglobin,  but  it  is  uot  converted  into  oxybEtmoglobin  on  sbukingVitb  air. 

tDecomp)siti07i  producfs  of  the  blood-color ing  mailers.  By  its  decomposi- 
tion h«moglobin  yields,  as  abore  stated,  tk  proteid,  which  has  been  called 
globin  (pREYER  and  Schulz),  and  a  fer  rn  gi  n  on  a  ji) /^gf /«**///  as  chief  products. 
The  globin,  which  was  isolated  and  stodied  hj  ScnuLz'  differs  from  most 
other  proteida  by  containing  a  high  amount  of  carbon,  54,97^,  with  only 
16.80'^  nitrogen.  It  ia  insoluble  in  water  l>ut  rery  easily  soluble  in  acida 
or  alkalies.  It  is  not  dissolved  by  ammonia  in  the  presence  of  ammonium 
chloride*  Xitric  acid  precipitates  it  in  the  cold  bnt  not  when  warm.  It 
may  be  coagnlated  by  beat  bnt  the  coagulam  is  readily  soluble  in  acids. 
Because  of  these  reactions  it  is  considered  as  a  histon  by  SriiULZ. 
B  The  pigment  split  off  is  different,  depending  npon  the  conditions  under 
which  the  cleavage  takes  place. 

If  the  decomposition  takes  place  in  the  absence  of  oxygen,  a  coloring 
matter  is  obtained  which  is  called  by  Hoppe-Seyler  hmmochromogeHy  by 

I  other  investigators  (Stokes)  reduced  hmrnaiin.  In  the  prosenoe  of  oxygen, 
haemochromogen  is  quickly  oxidised  to  L-^matin,  and  we  therefore  obtain 
in  this  case  hfemaiin  as  a  colored  decomposition  product.  As  ba^mo- 
chromogen  is  easily  converted  by  oxygen  into  hsematin,  so  this  latter  may 
be  reconverted  into  haemochromogen  by  reducing  substances. 
HsBmoohrovnogen  was  discovered  by  Hoppe-Seyler/  He  was  also  able 
to  obtain  this  coloring  matter  as  crystals.  H^mocbromogen  is,  according 
to  Hoppe-Seyler,  the  colored  atomic  group  of  haemoglobin  and  its  com- 
bination with  gases,  and  this  atomic  group  is  combined  with  proteids  in  tlie 
pigment.  The  characteristic  absorption  of  light  depends  on  the  hivmo- 
chromogen,  and  it  is  also  this  atomic  group  which  binds  in  the  oxyha^mo* 
globin  1  mol.  oxygen  and  in  the  carbon-monoxide  h.T3moglobin  1  nioL 
carbon  monoxide  with  1  atom  iron.  IIoppe-Seylee  has  observed  a  com- 
bination between  haemochromogen  and  carbon  monoxide,  and  this  combina- 
tion shows  the  spectral  apjiearance  of  carbon  monoxide  haemoglobin. 

'  Ueber  Cyanmeibaiuiiiglobin,  etc,     Stuttgart  1891. 
»  Zeilscbr.  f.  phyaiol.  Cbena.,  Bd-  24. 
•Zeilscbr.  f.  phyaioL  Cbem..  Bd.  13. 
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An  alkaline  bfemochromogeu  solution  has  a  beaatiful  red  color.  It 
shows  two  abeorption-banda,  first  described  by  Stokes,  of  which  the  oueii 
darker  and  lies  between  D  and  E,  and  the  otlier,  broader  but  not  so  dark, 
co?erH  the  lines  ^  and  b.  In  acid  solution  ha?mochromogen  shows  four 
bands,  which,  according  to  Jaderholm,*  depend  oo  a  niixtnre  of  haemo- 
cbromogen  and  liJBinatoporphyrin  (see  below),  this  last  formed  by  a  partial 
deconipoaition  resulting  from  the  action  of  the  acid. 

llaemochromogen  may  be  obtained  aa  cry  stab  by  the  action  of  caastic 
soda  on  ht^moglobin  at  lOO""  C.  in  the  absence  of  oxygen  (IIoppe-Setleb). 
By  tlte  decomposition  of  hsBmoglobin  by  acids  (of  course  in  the  ab«etic«of 
air)  we  obtain  hFemocliromogen  contaminated  with  a  little  hajmatoporpihynn. 
An  alkaline  hsemocliromogen  solution  is  easily  obtained  by  the  action  of  a 
reducing  substance  (Stokks^  reduction  liquid)  on  an  alkaline  hsematin 
golntiori.  v.  ZEYXEK*haa  been  able  to  obtain  haamochromogen  iuH solid 
condition  by  reducing  lisBniatin  with  hydnizin  hydrate  in  a  faintly 
ammoniacal  solution  iinJer  special  precautions  and  precipitating  the  product 
by  aloohol-etlien  The  otherwise  pure  and  nnehanged  product  seems  to  be 
an  ammonia  combination  of  bfemochromogen,  which  is  formed  in  the  reduc- 
tion of  the  ha^niatin  iuto  hipmochromogen  when  for  every  "Z  molecules  of 
bwmntin  only  1  atom  of  oxygen  is  removed  and  the  two  ha^matin  re^idaes 
are  uriited  by  1  atom  of  oxygen. 

Heematin,  also  called  Oxyhsmatlnf  is  sometimes  found  in  old  transmla- 
tions.  It  is  formed  by  the.  autioti  of  gastric  or  imncreatic  juices  oi^ 
oxyhsemoglobin,  and  is  therefore  also  found  in  the  faeces  after  hemorrhager 
in  the  intestinal  camil,  and  also  after  a  meat  diet  and  food  rich  in  blood. 
It  is  stated  that  h@ematin  may  occur  in  urine  after  poisoning  witli  arsenia-H 
retted  hydrogen.  As  shown  above,  the  ha?matin  is  formed  by  the  decom- 
position of  oxylnemoglobin»  or  at  letist  of  haemoglobin,  in  the  presence  of 
oxygen.  Cazeneuve  and  Breteau'  have  analyzed  hnematin  from  different 
kinds  of  blood  (ox,  horse,  sheep)  and  have  found  that  hii?matin  from  a 
certain  variety  of  blood  has  the  same  composition,  while  that  from  a  differ- 
ent variety  of  animals  has  a  different  composition. 

The  statements  in   regard  to  the  composition  of  hipmatin  are  rathe 
contradictory  which  seems  to  depend  upon  the  fact  that  different  ha^matint 
are  formed  under  various  conditions  {Kuster,  K.  Morner).     According 
to  Hoppe-Seylee  its  formula  is  C„]I„N^FeO^,  to  Nexcki  and  Siebkr, als 
BiALuRHZEtiKr  it  is  C,^n„N^FeO^,  and  according  to  Hufner  and  KOsteRi^ 
probably,  C„H,,N,FeO,.     The  hfcmatin  analyzed  by  K,   Morxer  which 
was  not  identical  with  ha?matin  prepared  by  other  investigators,  had  the 
formula,  C„II„NJ^^eO,.     According  to  all  these  investigators  1   atom  of 
iron  occnra  witb  every  4  atoms  of  nitrogen.     According  to  Cloetta,  and 

*  NonL  metl.  Arkiv.,  Bd.  16. 

>  Zeilftcbr.  f.  pbyBiol.  Cliein,,  BtL  25. 

'  Compt.  rend..  Tome  128. 
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RosEKFELD/  bsiematiii  has  the  formnla,  C,„H,^N,FeO„  ami  1  atom  of 
iron  for  every  3  atoms  of  nitrogen.  ; 

Oii  ciirefully  okidizinp  bfleniiilin  (in  glftcijil  iiceiic  ttcid)  wiih  polfissiunj  biciiromiite, 
Ect^Ticu  oliiniiieti.  besitles  ;i  ferruginoUH  but  not  doselj-sludied  body,  Iwo  ttcidM  with  Lbo 
formula,  CiHi»Oi  mul  CfUi»<J«,  Tbe  flrst  is  cousldered  ajs  bibiislc  hamatinie  acid^xxCL 
tbe  Mcuod  tribiisic  bfemutiuic  aeid, 

HaaQiatiii  is  aiiiorplioas,  dark  brown  or  bluish  black.  It  niay  be  heated 
to  180^  0.  withont  decomposition;  on  burning  it  leaves  a  residue  consisting 
of  iron  oxide.  It  ia  insolnblo  in  water,  dilate  acids,  alcohol,  ether,  and 
chloroform,  l»at  it  dissolves  slighty  in  warm  glacial  acetic  acid.  Ilivmatin 
diseolTes  in  acidified  alcohol  or  ether.  It  easily  dissolves  in  alkalies,  even 
when  very  dilote.  The  alkaline  Bokitions  are  dichroitic,  in  thick  layers 
they  appear  rod  by  transmitted  light,  and  in  thin  layers  greenish.  The 
ilkaiine  solutions  are  precipitated  by  lime-  and  baryfca-water,  aa  also  by 
fioln lions  of  neutral  salts  of  the  alkaline  earths,  The  acid  solutions  are 
always  brown, 

Au  acid  hsematin  solution  absorbs  the  red  part  of  the  spectrum  less  and 
the  violet  part  mure.  The  solution  shows  a  rather  sharply  defined  band 
between  (7  and  D  whose  position  may  change  with  the  variety  of  acid  used 
as  ti  solvent.  Between  D  and  F  a  second,  much  broader,  less  sbarjilj^ 
defined  band  occurs  which  by  proper  dilution  of  the  liquid  is  converted  tt^o 
two  bands.  TJie  one  between  b  and  /',  lying  near  F^  is  darker  and  broader, 
the  other,  between  D  and  E^  lying  near  E,  is  lighter  and  narrower.  Also 
l>y  proper  dilution  a  fourth  very  faint  band  m  observed  between  D  and  E 
yin0  near  D.  Hiematin  may  thus  in  acid  solution  show  four  absorption 
da;  ordinarily  one  sees  distinctly  only  the  bands  between  (7  and  D  and 
the  broad,  dark  band — or  the  two  bands — between  D  aud  F,  In  alkabne 
eolntion  the  h»matin  shows  a  broad  absorpt  ion -band,  wliich  lies  in  greatest 
part  between  C  and  /),  but  reaches  a  little  over  the  line  D  towards  the 
right  in  the  space  between  D  and  E. 

Hamin,  H.tiMiN^  Cuystals,  or  Teichmaxn's  Crystals.  Hsemin  is  the 
hydrochloric  acid  ester  of  hie  matin  and  is  the  starting-point  in  the  prepara- 
tion of  the  latter. 

According  to  Nencki  and  Sikbeh  the  bipmin  cryatals  are  a  double  combiimUon  wiib 

the  fti»lirent,  amyl  alcohol  or  acetic  ackl,  wblcb  is  used  io  ibeir   prepamlion  ;   wbile 

Hoppk-Hkylkr  clainiK  ibut  the  solvent  Is  only  lield  mcclianicully  bv  tbe  crystals.     Tb« 

^lormuitt  of  the  bft*niiri  crystals  prepjired   by  meaus  of  amyl  alcohol  is,  according  la 

I  and  SiEHEa.  (^'>3HttClN«FeOB)«.CiHnO.    Ha^aiatiu  esters  wltli  other  adds  are 

rn  (See  Kl'fiTEU  l.c), 

'  Hoppe-Seyler,  Med,  cUem,  Uoiirauch.,  8,  525;  Neiicki  and  8!eb<jr,  Arch-  f.  exp. 
Path.  u.  Pharm  ,  Bild.  18  and  20,  urid  Ber.  d.  deutsch.  chera.  Geaellsch.,  Bd.  18:  Bml- 
obrzcski,  Arch,  des  sciL-nc.  biol  de  St.  PetersboMTg,  Tome  5 ;  Ktlster.  Beilrage  zur 
,  KeauloJAs  dea  IlajiriAtin'^,  TQbiagen,  1890,  aud  Ber.  d.  deutscb*  chcna.  Ge8ens<:b..  Bdd. 
27utid30;  K.  Mttruer,  Nord.  med,  Aikiv.  Featband..  18&7,  No.  1  and  80  j  Cioetta, 
Aich.  U  exp.  Path,  u,  Phariii.,  Bd.  80 ;  lioseufeld,  md„  Bd.  40. 
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Hamin  crystals  form  in  large  luassea  a  bluish -black  j^owder,  bnt  aren 
amall  that  they  can  only  be  seeu  by  the  luicroscope.  They  coasist  of  dark- 
brown  or  nearly  brownish-black  long,  rhombic,  or  spool -like  ctystali^ 
isohited,  or  grouped  as  crosses^  rosettes,  or  starry  forma*  Cnbical  crystal* 
may  also  occur  according  to  Cloetta.  They  are  insoluble  in  water,  dilote 
acids  at  the  normal  temj>erature,  alcohol,  ether,  and  chloroform.  They  are 
filigbtly  soluble  in  glacial  acetic  ticid  with  warmth*  They  dissol?e  in 
acidised  alcohol,  sis  also  in  dilute  caustic  or  carbonated  alkalies;  and  In  the 
last  ease  they  form,  besides  alkali  chlorides,  Bolnhle  hsematin  alkali,  from 
whit  h  the  litf-^uitin  may  be  precipitated  by  an  acid* 

Tlie  principle  of  the  preparation  of  hftmin  eryetala  in  large  quantities  is 
as  followd:  The  washed  sediment  from  the  blood-corimscies  is  coaguluted 
with  alcohol  or  by  boiling  after  dilution  with  water  and  the  careful  addition 
of  acid.     The  strotigly  pressed  but  not  dry  muss  is  rubbed  with  tiU-95^ 
alcohol,  which  has  previously  been  treated  with  oxalic  acid  or  ^-1^  con- 
centrated  aralphuric  acid,   i^nd    allow   this  to  stand   several    honrs  at  the 
temperature  of  the  room.     The  filtrate  is  warmed  to  about  TO^  C,  treated 
with  hydrochloric  acid  (for  «ach  liter  of  filtrate  add  10  c.c,  2h%  hydro- 
chloric acid  diluted  with  alcohol,  Morxee),  and  allow  it  to  stand  in  th0 
cold.     The  crystalB  which  separate  in  one  or  two  days  are  first  washed  with 
alcuhol  and  then  with  water.     For  particulars  as  to  the  various  methods  w^ 
refer  tlie  reader  to   the  cited   works  of  Nencki  and   Siehee,   Cloetta, 
Kut^TEU,  MoRXEH,  and  Ro8Enfeld. 

IJjt^matiu  is  obtained  on  dissolving  the  ha^min  crystals  in  rery  dilate 
caustic  alkali  and  precipitating  with  an  acid. 

In  preparing  hannin  crystals  in -email  quantities  proceed  in  the  following 
manner;  The  blood  is  dried  after  the  addition  of  a  small  qnantity  of 
common  salt,  or  tbe  dried  blood  may  be  rubbed  with  a  trace  of  common 
salt.  The  dry  powder  is  jjlaced  on  a  microscope-slide,  moistened  with 
glacial  acetic  acid,  and  then  covered  with  the  cover-glass.  Add,  by  means 
of  a  glass  rod,  more  glacial  acetic  acid  by  applying  the  drop  at  the  edge  of 
the  cover-glass,  until  the  space  between  the  slide  and  the  cover-glass  is  full 
Xow  warm  over  a  very  small  flame,  with  the  precaution  tliat  the  acetic  acid 
does  not  boil  and  pass  with  the  powder  from  under  the  cover-glass.  If  no 
crystals  appear  after  the  first  warming  and  cooling,  warm  again,  and  if 
necessary  add  some  more  acetic  acid.  After  cooling,  if  the  experimnt  has 
been  properly  performed,  a  number  of  dark-brown  or  nearly  black  hsemin 
crystals  of  varying  forms  will  be  seen, 

Ilai matin  is  disaolred  by  concentrated  sulphuric  acid  in  the  presence  of 
air,  forming  a  pnrple-red  liquid.  The  iron  is  here  split  of!  and  the  new 
pigment,  called  hwrmitoporphyrin  by  IIoprE-SEYLER,  is  iron-free.  The 
hsematin  yields  with  concentrated  sulphnric  acid,  in  tlie  absence  of  air, 
a  second  iron -free  coloring  matter  called  hmmatolin  {IToppk-Seyler) 
Haematoporphyrin  may  also  be  prepared  by  the  action  of  glacial  acetic  acid 
saturated  with  hydrobromic  acid  on  hienirn  crystals  (Nencki  and  Sieber'). 


*  H(jpj>e-Seylerp  Med.-clieiii.  Unierauch.,  S,  528  ;  Kenckl  and  Bieber«  MotiaraLefle  f. 
Chem.,  6d*  9. 
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HaematoporphTTln,   C\^H,,N,0,.      This    pigment,    according    to    Mao 

JT^Iunn/  occurs  as  a  pbysiologlcal  pigment  in  certain  animaU.     It  occurs, 

,  shown  hy  Gaerod  and  SaillbTi  as  a  normal  constituent^  although  only 

ss  traces,  of  hnman  urine.     It  occnrs  in  greater  qnantities  in  human  nrine 

[  especially  after  the  use  of  sulphonal  (see  Chapter  XV)* 

This  coloring  matter  is,  according  tu  Nexcki  and  Sieber,  an  isomer  of 

ktfae  bile-pigment  bilirubin,  and  its  formation  from  hcBmatin  can  be  expressed 
by  the  following  equation : 
C.,H.,N.O.Fe  +  2H,0  -  Fe  =  2C,.H,.N,0.. 

A  pigment  closely  allied  to  the  urinary  pigment  urobilin  has  been  obtained 
^  hy  the  action  of  reducing  sabstancea  on  liEemotoporphyrin  (IXoppe-Skyler, 
BXhxcki  and  Sieber,  Le  Nobel,  Mac  Munn).  On  the  administration  of 
Vlisemotoporphyrin  to  rabbi ta^  Nencki  and  Rotscry  '  observed  that  a  part 
Bwas  reduced  to  a  substance  similar  to  urobilin. 

H       On  heating  ha&matoporphyrin  it  decomposes  and  evolves   an   odor  of 
^Kpjrrol.     It  dissolves  with  a  red  color  in  warm,  fuming  nitric  acid,  and  the 
^«olation  becomes  then  green,   blue,  and  yellow.     The  hydrochloric  acid 
^combination  crystallizes  in  long  hrownlsh-red  needles.     If  the  solution  in 
tydrochloHc  acid  is  nearly  neutralized  and  then  treated  with  sodium  acetate, 
the  pigment  separates  out  as  amorphoas»  brown  Hakes  not  readily  soluble  in 
iimyl  alcohol,  ether,  and  chloroform,  but  readily  soluble  in  ethyl  alcohol, 
alkalies,  and  dilute  mineral  acids.     The  combination  with  sodium  crystal- 
lizes as  small  tufts  of  brown  crystals.     The  acid  alcoholic  solutions  have  a 
beautiful  purple  color,  which  becomes  violet-blue  on  the  addition  of  large 
quantities   of  acid.      The   alkaline   solution    has  a   beautiful    red   color, 

■  especially  when  not  too  much  alkali  is  present.  Ileematoporphyrin  prepared 
by  Tarions  methods  may  diller  somewhat  in  solubility  and  in  color  of  solu* 
tion,  but  their  characteristic  absorptiou-spectra  are  essentially  the  same. 

■  An  alcoholic  solution  of  hjemato porphyrin,  acidulated  with  hydrochloric 
er  sulphuric  acid,  shows  two  absorption-bands,  of  which  one  is  fainter  and 
narrower  and  lies  between  Cand  Z>,  near  Z).  The  other  is  much  darker, 
sharper  and  broader,  and  lies  in  the  middle  between  D  and  E.  An  absorp- 
tion extends  from  these  bands  towards  the  red,  terminating  with  a  dark 
edge,  which  may  be  considered  as  a  third  band  between  the  other  two. 

A  dilute  alkaline  solution  shows  four  bands,  namely,  a  band  between  C 
and  Z>;  a  second,  broader,  surrounding  D  and  with  its  broadest  part 
between  D  and  E\  a  third,  between  D  and  E  nearly  at  E\  and  lastly  a 
fourth,  broad  and  dark  band  between  h  and  F,     On  the  addition  of  an 


I 


»  Journ.  of  Pbyiiob,  Vol  7. 

»  Hoppe-Seyler.  1.  c,  8*  523;  Le  Nobel.  Pflttger's  Arch.,  Bd.  40;  Mac  Muun.  Proc. 
Hoy.  Boc.,  YoL  30|  and  Journ.  of  Pbjatol.^  Vol.  10;  Nenckl  atid  Jiotachy,  MoaatsLefte 
t  Chem..Bd.  10. 
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alkaline  zinc-chloride  solation  the  Bpectrntn  changes  more  or  less  rapidly/ 
and  ilnaliy  a  spectrtim  is  obtained  witli  only  two  bands«  of  which  one  m> 
rounds  D  and  the  other  lies  between  D  and  E.  If  an  acid  hsematoporphjrin 
solution  is  shaken  with  chloroform,  a  part  of  the  pigment  is  taken  npbj 
the  chloroform,  and  this  solution  often  shows  a  five-banded  spectrnm  with 
two  bands  between  C  and  D, 

Hsematoidin,  thus  called  by  ViuoHOW,  ie  a  pigment  which  crystal! izei 
in  orange- colored  rhombic  plates,  and  which  occurs  in  old  blood  extravasa- 
tions, and  whose  origin  from  the  blood-coloring  matters  seems  to  be  estitb- 
lished  (Lanohaks,  Cordua,  Qulncke,  and  others'),  A  solution  of 
limmatoidin  shows  no  absorption-bands,  but  only  a  strong  absorption  of  the 
Tiolet  to  the  green  (EwaM)'),  According  to  most  ohserTers,  ha?matoidin 
IB  identical  with  the  bile-pigment  bilirnbin.  It  is  not  identical  with  the 
crystallizable  lutein  from  the  corpora  lutea  of  the  oraries  of  the  cow  (Picco- 
lo and  LiEBEN,*  KOhne  and  Ewald). 

In  the  detection  of  the  above-described  blood-coloring  matters  the 
spectroscope  is  the  only  entirely  trustworthy  means  of  investigation.  If  it 
is  only  necessary  to  detect  blood  in  general  and  not  to  determine  definitely 
whetber  the  coloring  matter  is  hoemoglobin,  meth«?moglobin,  or  hsematin, 
then  the  preparation  of  hjemin  crystals  is  an  absolute  positive  proof.  The 
reader  is  referred  to  more  extended  text-hooks  for  exacter  methods  for  the 
detection  of  blood  in  chemico-legal  cases,  and  it  is  perhaps  sufiicient  to  give 
here  tbo  chief  points  of  the  investigation. 

If  spots  on  clothes,  linen,  wood,,  etc.,  are  to  be  tested  for  the  presence 
of  blood,  it  is  best,  when  possible,  to  scratch  or  shave  o^  as  much  as 
possible,  ruli  with  common  salt,  and  from  this  prepare  the  hiemin  crystals. 
On  obtaining  positive  results  the  presence  of  blood  is  not  to  be  doubted. 
If  yon  do  not  obtain  sufficient  material  by  the  above  means,  then  soak  the 
spot  with  a  few  drops  of  water  in  a  watcli -crystal.  If  a  colored  solution  is 
thns  obtained,  then  remove  the  fihreSj  wood-shavings,  and  the  like  as  far  as 
possible,  and  allow  the  solution  to  dry  in  the  watch-glass.  The  dried 
residue  may  be  partly  used  for  the  spectroscope  test  directly,  and  part  may 
be  employed  in  the  preparation  of  the  li^min  crystals.  It  also  serves  to 
detect  h^mochromogen  in  alkaline  solution  after  previous  treatment  with 
alkali  and  the  addition  of  reducing  substances. 

If  a  colorless  solution  is  obtained  after  soaking  with  water,  or  the  spots 
are  on  rusty  iron,  then  digest  with  a  little  dilute  alkali  (5  p.  m.).  In  the 
presence  of  blood  the  solution  gives,  after  neutralization  with  hydrochloric 
acid  and  drying,  a  residue  whicli  may  give  the  ba^min  crystals  with  glacial 
acetic  acid.     Another  part  of  the  alkaline  solution  shows,  after  the  addition 

See  Haaimar§teD,  Skiind.  Arch,  f,  PliyaioL,  Bd,  8,  aud  Garrod,  Jouru.  of  PbyeioL 
VoL  13. 

A  coiti|>relienBi¥e  review  of  tbe  Htemlure  perLainiog  to  bsemutoIdiQ  may  be  fouud 
in  3tadelmuuu;  Der  Icterus,  etc.     Siulti^art,  1B9L     Ptiges  B  and  45. 
» Zeitacbr.  f.  Biologic,  Bd.  22»  S.  475. 
*  Cit,  from  GompBesanez;  Lekrbuch  d,  physioL  Chem.,  4.  Aufl.,  1878. 
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of  Stokes'   reduction  liqaid,  the  absorption-bandB  of  Immochromogeji  in 
alkaline  solution. 

The  methods  proposed  for  the  rjoantitative  estimation  of  the  blood- 
coloring  matters  are  partly  chemical  and  partly  physical. 

Among  ibe  chemical  methods  lo  be  menlioned  is  the  ashing  of  ihe  blood  and  the 
determinaUoQ  of  the  amoutit  of  iron  contained  therelo^  from  whicli  the  amount  of 
Juemoglobia  may  be  calculated.  Jollkb  *  has  recently  suggested  a  cHuical  melhod  based 
oa  the  ini'ioeratioD  of  the  blond  luid  delermining  the  Iron  m  the;  ash* 

The  physical  methods  consist  either  in  a  colorimetric  or  a  8i)ectroflcopic 
infes  ligation. 

The  principle  of  Hoppe-Seyler's  colorimetric  method  is  that  a  meaanred 
qoantity  of  blood  is  diluted  with  an  exactly  measured  quantity  of  vi^ater 
nntil  the  diluted  blood  solution  has  the  same  color  as  a  pure  oxyhemoglobin 
solution  of  a  known  strength.  The  amonnt  of  coloring  matter  present  in 
the  nndiluted  blood  may  be  easily  calculated  from  the  decree  of  dilution. 
In  the  colorimetric  testing  we  use  a  glaiss  vessel  with  parallel  sides  contain- 
ing a  layer  of  liquid  1  cm.  thick  {IIoppe-Seylek's  ha*matinoraeter). 
The  nse  of  Hoppe-seyler's  colorimetric  double  pipette  is  more  ad  van* 
tageons.  Other  good  iapparatus  have  been  constructed  by  (iiArosA  and 
Zakoermkister.*  Instead  of  an  oxyhtemoglobin  solution  we  now  gen- 
erally use  a  carbon  monoxide  haemoglobin  solution  as  comparison  liquid 
because  it  may  be  kept  for  a  long  time. 

The  blood  solution  in  this  case  is  saturated  with  carbon  monoxide. 
This  method  seema  to  be  good. 

The  quantitative  estimation  of  the  blood-coloring  matters  by  means  of 
the  spectroscope  may  be  done  in  dififereot  ways,  but  at  the  present  time  the 
ipeci rophotometric  method  ia  chiefly  used,  and  tliis  seems  to  be  the  most 
reliable.  This  method  is  based  on  the  fact  that  the  extinction  coefficient 
of  a  colored  liquid  for  a  certain  region  of  the  sjiectrum  ia  directly  propor- 
tional to  the  concentration,  bo  that  C :  E  =  C\  :  E^ ,  when  C  and  (7,  repre- 
sent the  different  concentrations  and  E  and  J?,  the  corresponding  coefficients 

C       C 
of  extinction.     From  the  equation  -—  ^,  it  follows  that  for  one  and  the 

ii       A, 

same  pigment  this  relation,  which  is  called  the  aitaorpiion  7*aiio^  must  be 

constant.     If  tlie  absorption   ratio  is   represented  h^^  A^   tlie  determined 

extinction  coefficient  by  E\  and  the  concentration  (tlie  amount  of  coloring 

matter  in  grams  in  1  c.c.)  by  C\  tlien  C  —  A  .  E. 

Different  apparatus  have  been  constructed  (Vierouivt  and  Hufner') 

for  the  determinutiuu  of  the  extinction  coefficient  which  is  equal  to  the 

negative  logarithm  of  those  rays  of  light  which  remain  after  the  passage  of 

the  light  through  a  layer  1  cm.  thick  of  an  absorbing  liquid.     In  regard  to 

these  a{)paratns  the  reader  Is  referred  to  other  text-books. 

*  PllUger's  Arch..  Bd.  65.  and  MoQulshefte  f.  Chera.,  Bd,  17. 

■  F.  lioppeSeyler,  Zeitschr.  f.  physioL  Chem*.  Bd.  16  ;  G,  Hoppe-Seyler,  ibid.,  Bd, 
21  ;  Wiuiernitz,  %hid.\  Giacosa,  Maly'a  Jahreaber.,  Bd.  86;  ZangeomeiBier,  Zeitschr.  f. 
Biologic.  Bd.  83. 

*  8t5C  Vierordl,  Die  Anwenduog  des  Speklmlapparatea  zu  Photometrle,  etc,  (TUbiu- 
gcii,  1&73)»  and  HQfoer,  Du  Boi»-Rejmoiid'fl  Arch.,  1894,  and  Zeitschr.  f,  physioL  Chem., 
Bd.  a;  V.  Noorden,  ilbid.,  Bd.  4  ;  Otto«  PflUger*s  Arch.,  Bdd.3I  and  36. 
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A«  control  ihe  extinction  coefficients  lire  determined  in  two  different  regions  of  the 
fipectrnm.  HtrFNER  has  selected  {it)  tlie  region  between  tlje  two  ab^orplioa  bands  of 
OJtybfl?moglobiD»  espocinlly  between  Ibe  wave-lenglha  G54  ^  and  565  y^  and  (ft)  the 
region  betivetn  tliu  two  Imnds,  espccitilly  tbe  iiiterTiil  l>clweeu  ibe  wave-lenglhs  SSLSiif 
aud  542  5  u.  The  consfatits  or  the  absorption  ratio  for  these  two  regions  of  ihespfc- 
tnim  aru  designated  i>y  Hofner  by  A  and  J.'*  Before  tbe  determination  the  blood  must 
be  diluted  with  water,  and  if  Ibe  proportion  of  ctiluiioti  of  tbe  blood  be  represented  by 
F,  then  the  concentration  or  the  amount  of  coloring  matter  in  100  parts  of  tbe  uDdllated 
blood  h 

G=\m.V.  A,  E  and 

C=100.r.  A\E\ 

Tbe  absorption  ratio  or  tbe  constants  in  tbe  two  above-mentioned  reglona  of  tbe 
Bpi^ctrum  have  been  determined  for  oity haemoglobin,  heemoglobin»  carbon  monoxide,  u 
follows  ; 

Oiy Ijiemnglobin A^^  0. 002070  and  A'^  =  0.001813 

Htpnioglobin ^r  =  0  001354  and  A'r  =  0.0O1778 

CaTl>on*monox!de  hemoglobin  At  =  0.W1383  and  A't  =  0.001203 

Tbe  quantity  of  each  coloriu^  matter  may  be  determined  in  a  mixture  of  two  blood- 
coiorhig  matters  by  this  oiethod,  which  is  of  special  importance  io  the  delermisatioaflt 
the  quantity  of  oxylitemoglobin  and  ha?mogli)bin  present  in  blood  at  the  same  time,  K 
we  represiiiit  by  A' and  E"  tlie  extinction  cocfflcieuts  of  the  mixture  in  the  above-mcn* 
tloned  regions  of  the  specirnm,  by  Ao  and  A'o  and  .4r  ftod  JV  <  he  cmislanls  for  ojiyhseino^ 
globin  and  reduced  haemoglobin,  aud  by  Fihe  degree  of  ddutiou  of  the  bloody  iLear 
percentage  of  oxyhfcinoglobin  IIo  and  of  (reduced)  haemoglobin  Hr  is 


A^IOO.F 


AgA'jBAr-  E'A'r) 

A'oAr  —  AoA*r 


«iid 


fi   _^nn    V  ^  A'^E'A'o^EA^) 


Among  the  many  apparatns  constructed  for  clinical  pnrpoees  for  the 
quantitative  estimation  of  h^Tenioglobin  FLEisniL's  hfEmmneter^  which  has  I 
nndergone  ntimeroiis  modifications,  and  IlENOct^UE'S  hitmaioscope  are  to  b§ 
epecially  mentioned.     In  regard  to  these  apparatj     see  v.  Jaksch,  Kiinische 
DiagnoBtik  innerer  Krankheiten,  4.  Anflage  18        and  Jaquet,  Coiresp.  ■ 
Blatt.  f.  Hchweiz.  Aerzte,  1897.  ^  f 

Many  oiIht  pigmentaare  found  healdea  tbe  o ften -occurring  bee raogl obi n  in  the  blood 
of  invertebrates.  In  u  few  nrarhiiMa;,  crusiacea,  gasteropfHijc.  and  eephalopodee^  a  body 
atialogous  to  ba?raoglobin  con  lining  cupper,  hmn&eyanin,  has  been  found  by  Frederick 
By  the  taking  nji  of  loosely  bound  oxygen  Ihia  body  is  converted  into  bine  oxyhi^fna- 
eymiin,  and  by  tbe  eerape  of  tbe  oxygen  becomes  colorless  again.  A  coloring  matter 
called  thlorocmmin  by  Lankesteh  is  found  in  certain  choetopoda?.  Hfrmerythnii^  so 
called  by  KjirKENBEiio  but  tiist  ribserved  by  Bcuwalee,  is  a  red  coloring  matter  from 
ceitain  gepbyren.  Besides  bH?mocyanin  we  |]n<l  in  Ihc  blood  of  certain  rrnslacea 
the  red  coK>rin^  matter  ff'^rof*m/f/irm  (Halli burton),  which  is  also  widely  spread  Sn  - 
The  animal  kingdom.  Echinochrom^  bo  named  by  Mac  Munn,*  is  a  brown  coloring  ■ 
matter  occurring  in  the  pertviaceral  tluid  of  a  variety  of  ecbinoderras.  1 

The  quiuditatitm  consiitntion  of  ihe  red  blood-corpttscles.  The  amount 
of  water  varies  in  different  varieties  of  blood  between  570-644  p.  m.,  with 
a  corresponding  amotint,  430-356  p.  m.»  of  solids.     The  chief  mass,  ahout 

*  Fredericq,  Extrait  des  Bullelioa  de  T Acati  Roy.  de  Belglque  (2),  Tome  46,  1878  ;  ^ 
Lankester,  Journ.  of  Anal,  and  Physioh.  1868.  p,  114.  and  1870.  p.  110;  Knikenberg, ' 
Bee  Vergl,  Pbyaiol,  Studien,  Reibe  1,  AMh.  S.     Heidelberg,  1880  ;  Halliburton,  Jour 
of  Physiol.,  Vol  6 ;  Mac  Munn,  Quart.  Journ.  Microac,  Science,  1885. 
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l\~A»    ^'  ^^   dried   substance  consists   af   haemoglobin  (in  human   and 
mammal  blood). 

According  to  the  analyses  of  Hoppe-Seyler  '  and  his  pnpils,  the  red 
corpuscles  contain  in  1000  parts  of  the  dried  substance: 

^Heem<7^lt«blll.  Proteid.  Leclihin.        CholesUjHn. 

Hanmn  blood.,..* 808-943  131J-51  7.a-3.5  2.5 

Dogi         '*    865  126  5.9  a.6 

Gooae^i       '•    627  364  4.6  4,8 

Bnake'fl      "    467  525 

Abderualdek  found  the  following  composition  for  the  blood -corpuscles 
from  the  domestic  animals  investigated  by  hiin:  Water,  591.9-644.3 
p.  m. ;  solids,  408.1-355.7  p.  m. ;  hsemoglobin,  303.3-331.9  p.  m. ;  proteid, 
5.32  {dog)-?8.5  p.  m.  (sheep);  cholesfcerin,  0.388  {horse)-3,593  p.  m. 
(sheep);  and  lecithin,  2.296  (dog)-4.855  p.  m. 

Of  special  interest  is  the  Tarying  proportion  of  the  haemoglobin  to  the 

proteid  in  the  nacleated  and  in  the  non-nucleated  blood-corpuscles.     These 

laat  are  much  richer  in  haemoglobin  and  poorer  iu  proteid  than  the  others. 

^k       The  amount  of  mineral  bodies  m  various  Tarieties  of  animals  is  different. 

^According  to  Buxge  and  Abdehhalden  the  red  corpuscles  from  the  pig, 

Jiorse,  and  rabbit  contain  no  soda,  while  those  from  man,  tlie  ox,  slieep,  goat, 

dog,  and  cat  are  relatively  rich  in  soda.     In  the  five  last-mentioned  varieties 

the  amount  of  soda  was  3.135-2.856  p.  m*     The  quantity  of  potash  was 

O- 257 (dog) -0.744  p.  m.  (sheep).     In  the  horse,  pig,  and  rabbit  the  quantity 

of  potash  was  3.326  (horB€)-5.229  p.  m.  (rabbit).     Ilumao  blood-corpuecles 

contain,  according  to  Wanach,'  about  live  times  as  much  pottiish  as  soda, 

on  an  average  3.99  p.  m.  potash  and  0.75  p.  m.  soda.     Lime  is  chiimed  to 

be   absent   in   the   blood -corpuscles,  and   magnesia   occurs   only   in   small 

amounts,  0.016  (Bheep)-0.150  p.   m.   (pig).     The  blood -corpuscles  of   all 

animals  inreatigated  contain  chlorine,  0.460-1.941)  p.  m.  (both  in  horse), 

^ft  generally  1  to  2  p.  m.,  and  also  phosphoric  acid.     The  amount  of  inorganic 

^  phosphoric  acid  shows  great  variation,  0,275  (sheep)- 1.9 16  p,  m.  (horse). 

All  above  figures  are  calculated  on  the  fresh,  moist  blood-corpuscles. 

I  The  White  Blood -eorpuacles  and  the  Blood-platea. 

The  White  Blood-corpuscles,  also  ctdled  Leucocytes  or  Lymphoid 
Cells,  which  occur  in  the  blood  in  varying  forms  and  sizes,  form  in  a  state 
of  rest  spherical  lumps  of  a  sticky,  highly  refractive  power,  capable  of 
motion,  non-membranous  protoplasm,  which  show  1-4  nuclei  oii  the  addi- 
H  tion  of  water  or  acetic  acid.  In  human  and  mammaliau  blood  they  are 
larger  than  the  red  blood -corpuscles.      They  have   also  a  lower  specific 

k         ■  Med.-cheoi.  Untersuch.,  S.  390  und  a»3. 

^        •Buiige.  2ieUschr.  f.  Biologic,  Bd.  12,  iind  Abderhalden,  Zeitscbr  f.  physiol.  Chem.» 
Bdd.  «3  and  25  ;  Wanach,  Maly's  Jahreaber.,  Bd.  18,  S.  88. 
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gravity  than  the  red  corpiieclea,  move  m  the  circulating  hlood  nearer  ta  the 
walls  of  the  vessel »  and  liave  also  a  slower  motion. 

The  namber  of  white  blood-corpusclea  varies  not  only  in  the  different 
blood -vessels,  but  also  nnder  different  physiological  conditions.  As  aa 
average  we  have  only  1  white  corpuscle  for  350-500  red  corpasclea. 
According  to  the  investigations  of  Alex.  Schmidt  '  and  his  pupils,  the 
leucocytes  are  destroyed  in  great  part  on  the  discharge  of  the  blood  before 
and  daring  coagulation,  so  tliat  discharged  blood  is  mncb  poorer  in  leuco- 
cytes than  the  circulating  blood.  The  correctneea  of  this  statement  has 
been  denied  by  other  investigators. 

From  a  histological  standpoint  we  generally  discriminnte  between  the 
different  kinds  of  colorless  blood -corpuscles;  chemically  considered,  bow- 
ever,  there  is  no  known  essential  difference  between  them.  With  regard  to 
their  importance  in  the  coagulation  of  fibrin  Alex.  Schmidt  and  his  pupils 
distinguish  between  the  leucocytes  which  are  destroyed  by  the  coagulation 
and  those  which  are  not.  The  last  mentioned  give  with  alkalies  or 
common-salt  solutions  a  slimy  mass;  the  first  do  not  show  such  behavior. 

The  protoplasm  of  the  leacocytea  has  during  life  amtt^boid  movements 
whiclj  partly  make  possible  the  wandering  of  the  cells  and  partly  the  taking 
np  of  smaller  grains  or  foreign  bodies  within  the  same.  On  these  grounds 
the  occnrrence  of  myosin  in  them  has  been  admitted  even  witbont  any 
special  proof  thereof.  Alex.  ScHiiiDT  claims  to  have  found  ser globulin  in 
equine-blood  leucocytes  which  had  been  washed  with  ice-cold  water.  Therei 
are  also  certain  leucocytes,  as  above  stated^  which  yield  a  slimy  mass  whun 
treated  with  alkalies  or  NaCl  solutions,  which  seem  to  he  identical  with  the 
so-called  hyaline  subslance  of  Bovjda  found  in  the  pus-cells.  On  digeetlDg 
the  leucocytes  with  water  a  solution  of  a  protein  body  is  obtained  which  can 
be  precipitated  by  noetic  acid  and  forms  the  chief  mass  of  the  leucocytes. 
This  substance,  which  is  undoubtedly  related  to  coagulation,  has  been 
described  under  different  names  (see  Chapter  Y),  and  consista,  chiefly  at 
least,  of  nucleohiston. 

lycogen,  as  above  stated  (Chapter  V),  is  found  in  the  leucocytes.     The 
^.ycogen  found  by  IIurpEUT,  Czeiiny,  Dastri:/ and  others  in  blood  and 
lymph  probably  originated  from  the  !en oocytes.     The  constituents  of  the 
leucocytes   are   the   same  as  the  constituents  of   the  cell  as  described  i&fl 
Chapter  Y.  ™ 

The  blood-plates  (Bizzozeeo^s),  haBmatoblasts  (IIateh),  whoee  nature 
and  physiological  importance  have  been  much  questioned,  are  pale,  color- 
less, g»mmy  disks,  round  or  more  oval  in  shape  and  generidly  with  a 


1 
I 


( 


^  PflDger'a  Arc'hlv,  Bd.  Ih 

•  Hnpf>ert,  Cenlralb],   f.  Physiol.,  Bti  6,  8.   394;   Czemy,   Arcb.Tf.  exp.  PaUj.  n, 
Pbarra.,  Bd.  31 ;  Daslrc,  Compt,  reud.,  Tame  120,  and  Arck  de  Physiol  (5).  Tome  7. 
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diameter  two  or  three  times  smaller  than  the  red  blood-corptiscles.  The 
blood-plates  separate  ino  tw^o  sabstaaces  by  the  action  of  ditleretit  reagents, 
namely,  one  which  is  honiogeneous  and  non-refractive,  while  the  otiier  is 
highly  refractire  aad  granular.  Blood-pliites  readily  stick  together  and 
attach  themselves  to  foreign  bodies. 

According  to  the  important  researches  of  Kossel  and  Lilienfeld  the 

i^blood-plates  consist  of  a  chemical  combination  between  proteid  and  naclein, 
lid  hence  they  are  also  called  nudein-plates  by  Lilienfeld.     It  seems 
certain  that  the  blood-plates  stand  in  a  certain  relationship  to  the  coagula- 

^tAon  of  blood,  and  according  to  Lilienfeld  the  fibrin  coagnlation  ia  indeed 
a  function  of  the  cell  nnclens.  The  importance  of  these  formations  to 
blood  coagnlation  will  be  referred  to  later. 


III.  The  Blood  as  a  Mixture  of  Plasma  and  Blood- 

eoriniselen. 

The  blood  in  ita^lf  is  a  thick,  sticky,  lighter  or  darker  red  opaqne  liqnid 
having  a  salty  taste  and  a  faint  otlor  differing  in  different  kinds  of  animals. 
On  the  addition  of  snlphnric  ticid  to  the  blood  the  odor  is  more  prononuced. 
In  adult  hnman  beings  the  specific  gravity  ranges  between  L045  and  L075. 
It  has  an  average  of  L058  for  grown  men  and  a  little  leas  for  women. 
According  to  Schehhekziss  '  the  fa^tal  l)lood  has  a  lower  specific  gravity 
than  the  blood  of  grown  persons.  Lloyd  Joxes  found  that  the  specific 
gravity  is  highest  at  birth  and  lowest  in  children  when  about  two  years  old 
^d  in  pregnant  women.  The  determinations  of  Lloyd  Jones,  Hammer- 
8CHLAa,*  and  others  show  that  the  variation  of  the  specific  gravity, 
dependent  npon  age  and  sex,  corresponds  to  the  variation  in  the  quantity  of 
haemoglobin. 

The  determination  of  the  specific  gravity  ia  most  iiccurately  done  by 
means  of  the  pyknometer.  For  clinical  parposes  where  only  small  amounts 
are   available   it   is   best   to   proceed   with   the   method    as  suggested   by 

»HAMMEKSCHLAa.'  Prepare  a  mixtare  of  chloroform  and  benzol  of  about 
1.050  Bp.  gr,  and  add  a  drop  of  the  blood  to  this  mixtare.  If  the  drop 
rises  to  the  surface  then  add  benzol,  and  if  it  sinks  add  chloroform.  Con- 
tinue this  until  the  drop  of  blood  saspends  itself  midway  and  then  determine 
the  specific  gravity  of  the  mixture  by  means  of  an  areometer.     This  method 


'  Iq  regard  to  the  literature  of  tbe  blood-plates,  see  Ltlieofekl,  Du  Bois-Reymond'a 
lArchiVp  1893,  aod  *' Leukocyteu  und  Blutgetinnung,"  Verhatidl.  d.  physiol.  Qesdtacli. 
zu  Berlin*  1892;  &ud  also  Mo^eo,  Du  BoU-Hejmond'a  Arch.,  1893. 

*  Lloyd  Jones,  Jouru.  of  Physiol.,  Vol,  6 ;  Himcaersclilagj  Wku,  kiln.  Wochea- 
8chnft«  1890,  and  Zeitschr.  f.  UUd,  med.,  Bd.  30. 

'  I.  G. 
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is  not  Btrictlj  accurate  and  must  be  performed  qaickly.     In  regard  to  the 
necesaary  details  we  refer  to  Zontz.' 

The  reaction  of  the  blood  is  alkaline.  The  qaantity  of  alkali,  calculated 
as  Na^CO,,  in  fresh,  non-defibrinated  blood  from  the  dog,  horse,  and  man 
is,  according  to  LoEinr,  4.93,  4.43,  and  5.95  p,  m.  resijectively*  According 
to  Strauss,  the  average  for  normal  human  blood  may  be  calculated  as 
about  4.43  p.  m.  Na^CO,.  Below  3,3  p.  m.-  and  above  5.3  p.  m.  are, 
according  to  him,  to  be  considered  as  pathological,  v.  Jaksch  found  the 
quantity  of  alkali  in  man  to  vary  between  3.38  and  3.1*0  p.  m.  The 
alkaline  reaction  diminisheB  outside  of  the  body,  and  indeed  the  more 
qoickly  the  greater  the  original  alkalinity  of  the  blood.  This  depends  on 
the  formation  of  acid  in  the  blood,  in  which  the  red  blood -corpuscles  seem 
to  take  part  in  some  way  or  another.  After  exceeaive  muscular  activity  the 
alkalinity  is  diminished  on  account  of  the  formation  of  acid  in  the  mnsclea 
(Peiper,  Cohnsteik),  and  it  is  also  decreased  after  the  continuous  use  of 
aciils  (Lassar,  Freudberg  *),  We  have  numerous  investigations  in  regard 
to  the  alkalinity  of  the  blood  in  disease,  but  aa  we  have  at  present  no  trust- 
worthy method  for  estimating  the  alkalinity  of  the  blood,  thede  investiga- 
tions, as  also  the  statements  in  regard  to  the  physiological  alkalinity,  require 
further  substantiation.*  Spiro  and  PEMSEL*have  suggested  a  method  of 
determining  the  native  alkalinity  of  the  blood  which  consists  in  treating  the 
blood  with  ether-water  (water  saturated  with  ether),  next  precipitating  ail 
the  protein  substances  by  neutral  ammonitim  sulphate,  and  then  titrating 

the  filtrate  with  —  acid,  using  the  indicator  (lacmoid  and  malachite  green) 

in  the  manner  suggested  by  Fobsteb. 

The  alkali  of  the  blood  exists  in  part  as  alkaline  salts,  carbonate  and 
phoq)hate,  and  part  In  combination  with  proteid  or  haemoglobin.  The  first 
are  often  spoken  of  as  readily  diffusible  alkalies,  while  the  others  are  not,  or 
are  only  diffusible  with  difficulty  (see  page  135).  The  readily  aa  well  as 
the  difficultly  diifusible  alkali  is  divided  between  the  blood -cor  pciscles  and 
plasma,  and  the  blood -corpuscles  seem  to  be  richer  in  difficultly  diffusible 
alkali  than  the  plasma  or  serum.     This  division  may  be  changed  by  the 

•  Pflftger's  Arch..  Bd.  08. 

'  I^ewy.  Pllllger'd  Arch,«  Bd>  58.  which  also  contjiins  the  refercncet  totUe  Htemture; 
H,  Stniugg,  Zeiiftcbr.  f.  kliu.  Med,,  Bd.  30  ;  v.  Jaksch,  ibid.,  Bd.  13;  Pdper,  Virchow*s 
Arch.»  Bd.  116;  Cobnsteltj,  i^ut,  Bd,  130,  which  td&u  cites  ihe  woikfi  of  Minkowski, 
ZudU.  and  Gepficrt ,  Freudberg,  ibid.^  Bd.  125. 

•  Iii  regard  lo  Ihe  nielbods  for  the  estinialion  of  the  alkalinity  see,  besides  the  above- 
metiiioned  aulhors,  r.  Jak^cu,  Klio.  Diaguoatik;  v.  Limbeck.  Wieii.  med.  Blfltler.  Bd. 
18;  Wri><ht*  The  Lancet,  18U7 ;  Biemacki,  Beitrflge  zur  Patjuumioiugie,  etc..  Zeltschr. 

\i  kltn  Med.*  Ddd.  31  aud  32  ;  Utimbnrger.  £iue  Methode  zur  Trenuuag,  etc.,  Du  Boia* 
's  Arch..  18»8. 
chr.  f.  phybioL  Cbem .  Bd.  26. 
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{nfloeQce  of  eren  yery  small  amounta  of  acid,  also  carbon  dioxide,  and  also, 
as  ahowa  by  Zuntz,  Loewy  and  Zdxtz,  Hamburger,  Limbeck  and 
Gurber/  by  the  influence  of  the  respiratory  exchange  of  giiB.  The  blood- 
corpuscles  give  up  a  part  of  the  alkali  nnited  with  proteid  to  the  sernm  by 
t];ie  action  of  carbon  dioxide,  hence  the  serum  becomes  more  alkaline.  The 
equilibrium  of  the  osmotic  tension  in  the  blood -corpuscles  and  in  the  serum 
is  hereby  destroyed;  the  blood  •corpuscles  swell  up  because  they  take  up 
water  from  the  serum  and  this  then  becomes  more  concentrated  and  richer 
in  alkali,  proteid,  and  sugar.  Under  the  influence  of  oxygen  the  corpuscles 
take  their  original  form  again  and  the  above  changes  are  restored*  The 
blood-corpuscles  for  this  reason  are  less  biconcave  with  a  small  diameter  in 
renons  than  in  arterial  blood  (IIamburger), 

The  volume  of  the  blood-corpuscles  changes  also  with  the  compositiou 
of  the  medium  surrounding  them.  The  volume  remains  unchanged  only 
in  those  indifferent  solutions  which  have  the  same  osmotic  tension,  such  m 
the  plasma  or  serum.  Such  solutions  are  called  isafonic.  In  less  concen- 
trated solutions,  so-called  hypuotonic  solutions,  the  blood-corpnsdes  swell 
up,  taking  up  water  at  the  same  time,  until  the  osmotic  equilibrium  has 
been  established  again  and  the  volume  becomes  greater.  In  solution  of 
greater  concentration,  hyperisotonic  solutions,  they  give  up  water  and  their 
volume  becomes  smaller,  A  XaCl  solution  of  about  9  p.  m.  seems  to  be 
isotonic  with  most  of  the  varieties  of  blood  investigated,  namely,  human, 
ox,  and  horse  blood,  but  even  in  such  solutions  an  excbange  may  take  place 
between  the  constituents  of  the  blood -corpuscles  and  the  solution  (IIeoix  '). 
Hamburger'  has  shown  by  contiuoed  investigations  on  the  action  of  salt 
Bohitions  on  the  volume  of  animal  cells  that  not  only  are  the  red  corpuscles 
shrunk  up  by  a  hyperisotonic  solution,  and  swell  up  by  a  hypisotonic  solution, 
but  also  the  white  corpuscles  and  frog  spermatozoa.  The  extent  of  this  swell- 
ing and  shrinkage  is  much  smaller  than  if  the  cell  was  a  homogeneous  mass, 
which  lea<l8  to  the  assumption  that  the  cell  must  consist  of  two  substances 
which  are  different  in  their  property  of  attracting  water,  lie  has  also  tried 
to  determine  the  percentage  relationship  between  the  two  cell  constituents 
(stroma  and  intercellnlar  fluid)  by  the  quantitative  estimation  of  the 
swelling  aud  shrinking  of  the  cells  under  the  influence  of  NaCl  solutions  of 


*  Zuntz  in  HermaDii's  Haodbuch  der  Physiol.,  Bd.  4,  Abth.  2;  Loewy  atid  Zu»ilz, 
PflUger'S  Arcb.,  Bd.  58;  Hnmburger.  Du  Boi»  Redmond's  Arch.»  1894  and  1898.  iitid 
Zeitscbr.  f .  BluJogie»  Bdd.  28  and  a5 ;  v.  Limlieck.  Arob.  f ,  e;tp.  Patb,  u.  Pburm.,  Bd. 
35;  GtlrDer,  Silzuogsber,  d,  pbya.  nicd.  Oesellsch,  zn  WUrzburg,  1895. 

■  lu  regard  to  the  study  of  Isotonism  see  Hamburger,  cited  above  aad  Virchow% 
Arch..  Bdd.  140  aud  141  ;  Hedin,  Skaud,  Arch.  T  PhyBloL,  Bd.  5.  and  PflUger's  Aich,. 
Bd.  fiO ;  Eykmao,  ibid.,  Bdd.  60  u.  68  .  Koeppe.  ibid,,  Bd.  65,  and  Du  Buls-Reymond*« 
Arch,,  1895, 

*  Arcb.  f.  Anat.  u.  PbyaloL,  Physiol.  Ablh,,  18»8.  8.  317, 
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different  concentration  or  of  serum  with  diflterent  dilutions.     He  foandtbe 
volume  of  stroma  for  the  red  as  well  aa  the  white  corpuscles  of  the  horse 
was  53-5G.lj^.     The  volume  of  stroma  for  the  red  corpuscles  in  rabbits  wia 
48.r-51j^,  in  hens  52.4-57.7^,  and  in  frogs  72-76.4^, 

The  question  as  to  the  permealjility  of  the  blood -corpuscles  stands  vw:^ 
close  connection  to  the  above,  in  other  words,  its  admissibility  for  differer*.  ^ 
bodies.  We  have  the  investigations  of  HAMuruciEU,  Gkuns,  Eykma!^'  ^ 
and  especially  IIedin  ^  on  this  subject,  Hei>in*s  iuvestigations  have  show  ^^ 
that  under  certain  conditions  certain  bodies,  such  as  sagars  and  manmt^^=» 
when  added  to  defibrinated  blood  do  not  penetrate  into  the  blDO<3-' 
corpuscles.  Others,  such  as  the  neutral  salts  of  the  free  alkalies,  rema*-  ^ 
chiefly  in  the  plasma  and  only  enter  slightly  into  the  blood -cor  puscl^"^^' 
Again  others,  snch  as  ammonium  chloride  and  bromide,  antipyrin,  rao*^ 
atomic  alcohols,  divide  themselves  nearly  equally  between  the  corpuscles  a-'t^^ 
the  plti^ma^  while  others  again,  such  as  ethyl  ether,  are  taken  up  to  a  ma^^^^^^  — 
greater  extent  by  the  corpuscles  than  by  an  equal  volnme  of  plasma.  Vj 

The  color  of  the  blood  is  red^ — light   Bcarlet-red  in    the   arteries  ar--^    -^ 
dark  bluish  red  in  the  veins.     Blood  free  from  oxygen  is  dichroitic,  da^^^*^ 
red  by  retlected  light,  and  green  by  tnvnsmitted  light.     The  blood-coloriiJ^ 
matters  occnr  in  the  blood-corpuscles.     For  this  reason  blood  is  opaque  F 
thin  layers  and  acts  as  a  **  fleck-farbe,"     If  the  haemoglobin  is  remove- 
from  the  stroma  and  dissolved  by  the  blood -liquid    by  any  of  the  above 
mentioned  means  {see  page  137).  the  blood  becomes  transparent  and  acti 
then  like  a  *'  lake  colon''     Less  light  is  now  reflected  from  its  interior,  and 
this  laky  blood  is  therefore  darker  in  thicker  layers.     On  the  addition  of 
salt  solutions  to  the  blood-corpuscles  they  shrink  and  more  light  is  rejected 
and  the  color  appears  lighter.     A  great  abundance  of  red  corpuscles  makes 
the  blood  darker,  while  by  diluting  with  serum  or  by  a  greater  abundance 
of  white  corpuscles  the  blood  becomes  lighter  iu  appearance.     Tlie  different 
colors  of  arterial  and  of  venous  bloml  depend  on  the  varying  quantity  < 
gas  contained  in  these  two  varieties  of  blood  or,  better,  on  the  differeo 
amounts  of  oxyha^moglobin  and  haemoglobin  they  contain. 

The  most  striking  property  of  blood  consists  in  its  coagulating  within  a 
shorter  or  longer  time,  hut  as  a  rule  very  shortly  after  leaving  the  rein. 
Different  kinds  of  blood  coagnlate  with  varying  rapidity ;  in  human  blood 
the  first  marked  sign  of  coagulation  is  seen  in  2-3  minutes,  and  within 
7-8  mirmtes  the  blood  is  thoroughly  converted  into  a  gelatinous  mass. 
If  the  blood  is  allowed  to  coagulate  slowly,  the  red  corpusclea  have  time  to 
settle  more  or  less  before  the  coagulation,  and  the  blood -clot  then  shows  an 
upper,  yellowish-gray  or  reddish-gray  layer  consisting  of  fibrin  enclosing 


*  Hfliiin,  PdUger's  Arcb.»  Bd.  66*  which  contaius  the  works  of  the  older  investigators 
and  Bd.  70, 
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chiefly  colorless  corpascles.  This  layer  has  been  called  crusta  inftammatoria 
or  phlogistica^  because  it  has  been  especially  observed  in  inflammatory 
processes,  and  is  considered  one  of  the  characteristicB  of  them.  This 
crusta  or  "  bujfy  coat^-  is  not  characteristic  of  any  special  disease,  and  it 
occnrs  chiefly  when  the  blood  coagulates  slowly  or  when  the  blood -corpusclea 
settle  more  quickly  than  usnah  A  buify  coat  is  often  observed  in  the  slow- 
ooagnlati ng  equine  blood*  The  blood  from  the  capillaries  is  not  eopposed 
to  have  the  power  of  coagnlating* 

Coagulation  is  retarded  by  cooling,  by  diminishing  tlie  oxygen  and 
increasing  the  amount  of  carbon  dioxide,  which  is  the  reason  that  venona 
blood  and  to  a  much  higher  degree  blood  after  asphyxiation  coagulates  moro 
slowly  than  arterial  blood.  The  coagulation  may  be  retarded  or  prevented 
by  the  addition  of  acids,  alkalies,  or  ammonia,  even  in  small  quanLities;  by 
concentrated  solutions  of  neutral  alkali  salts  and  alkaline  earths,  alkali 
oxalates  and  fluorides;  also  by  egg-albumin,  solutions  of  sugar  or  gum, 
glycerin,  or  much  water;  also  by  receiving  the  blood  in  oil.  Coagulation 
may  be  prevented  by  the  injection  of  an  albumose  solution  or  by  an  infusioa 
of  the  leech  into  the  circulating  blood,  but  this  infusion  also  acts  in  the 
same  way  on  blood  just  drawn.  Coagulation  is  also  hindered  by  snake-poison 
and  toxalbnmins  (see  pages  134  and  1*30).  The  coagulation  may  be  facili- 
tated by  raising  the  temperature;  by  contact  with  foreign  bodies,  to  which 
the  blood  adheres;  by  stirring  or  beating  it;  by  atlmission  of  air;  by  dilut- 
ing with  very  small  amounts  of  water;  by  the  addition  of  platinum-black  or 
finely  powdered  carbon;  by  the  addition  of  laky  blood,  which  does  not  act 
by  the  presence  of  dissolved  blood-coloring  matters,  but  by  the  atroniata  of 
the  blood-corpuscles,  and  also  by  the  addition  of  the  leucocytes  from  the 
lymphatic  glands,  or  a  watery  saline  extract  of  the  lymphatic  glands, 
testicles,  or  thymus.  The  active  constituent  of  such  a  watery  extract  is  the 
nacleoproteid  called  Hsme  fibrinogen  or  nuclcohiston. 

An  important  question  to  answer  is  why  the  blood  remains  fluid  in  the 
circulation,  while  it  quickly  coagnlates  when  it  leaves  the  circulation. 

The  reason  why  blood  coagulates  on  leaving  the  body  is  therefore  to  be 
loaght  for  in  the  influence  which  the  walls  of  the  living  and  entire  blood- 
vessels exert  upon  it.  These  views  are  derived  from  the  observations  of 
many  investigators.  From  the  observations  of  IIewsox,  Lisxbr»  and 
Feedekicq  it  is  known  that  when  a  vein  full  of  blood  is  ligatured  at  the 
two  ends  and  removed  from  the  body,  the  blood  may  remain  fluid  for  a  long 
time.     BrOcke  '  allowed  the  heart  removed  from  a  tortoise  to  beat  at  0**  C, 


»  HewsoTi*8  worki,  edited  by  Gulliver,  London.  1876.  Ctted  from  Gftmfee,  Text- 
book of  Physiol  Cbern.,  Vol.  1,  1880.  Lister,  cited  from  Oamgee,  ibid.;  Predericq, 
'*Ilechercbcs  aur  la  oooBtiiulioii  du  pl&sma  saaguiD/'GaDd»  1878;  BrQcke.  Virohow'a 
Arck,  Bd.  12. 
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and  found  that  the  blood  remained  nncoagulated  for  some  days.  The  blood 
from  another  heart  quickly  coagulated  when  collected  over  mercury.  In  a 
dead  heart,  as  also  in  a  dead  blood- vessel,  the  blood  soon  coagulates,  and 
also  when  the  walls  of  the  vessel  are  changed  by  pathological  processes. 

What  then  is  the  inHoence  which  the  walls  of  the  Tessek  exert  on  the 
liquidity  of  the  circulating  blood  ?  Freuxd  has  found  that  the  blood 
remains  fluid  when  collected  by  means  of  a  greased  cannia  nnder  oil  or  in  a 
vessel  smeared  with  vaseline.  If  the  blood  collected  in  a  greased  vessel  be 
beaten  with  a  glass  rod  previously  oiled,  it  does  not  coagulate,  but  it 
quickly  coagulates  on  beating  it  with  an  nnoiled  glass  rod  or  when  it  is 
poured  into  a  vessel  not  greased.  The  non-coagulability  of  blood  collected 
under  oil  has  been  confirmed  later  by  IIaycraft  and  Cahlier.  Freuxd 
found  on  further  investigating  that  the  evaporation  of  the  upper  layers  of 
blood  or  their  contamination  with  small  quantities  of  dust  ciioses  a  coagula- 
tion even  in  a  vessel  treated  with  vaseline.  According  to  Frecki*,'  it  is  this 
adbesion  between  the  blood  or  between  its  form- elements  and  a  foreign 
substance — and  the  diseased  walls  of  the  vessel  also  act  as  such — that  gives 
the  impulse  towards  coagulation,  while  the  lack  of  adhesion  prevents  the 
blood  from  coagulating.  This  adhesion  of  the  form-elements  of  the  blood 
to  certain  foreign  sabstances  seems  to  induce  changes  which  apparently 
stand  in  a  certain  relationship  to  the  coagulation  of  the  blood. 

The  views  in  regard  to  tliese  changes  are  very  contradictory.  According 
to  Alex.  ScnHiDx'  and  the  Dorpat  school,  an  abundant  destruction  of 
the  leucocytes  takes  place  in  coagalation,  and  important  constituents  for  the 
coagolation  of  the  librin  pu£S  into  the  plasma.  According  to  other  experi- 
menters the  essential  is  not  a  destruction  of  the  leucocytes,  but  an  elimina- 
tion of  constituents  from  the  cells  into  the  plasma.  This  process  is  called 
plasmoschisi$  by  LowiT."  The  rjnestion  whether  the  cell-body  (Giesbach) 
or  the  nucleus  (Lilibkfeld  *)  takes  part  in  this  process  remains  for  the 
present  undecided.  According  to  Bizzozoro  and  others,  the  leucocytes  are 
not  the  starting-point  in  the  fibrin  formation,  but  rather  the  blood-plates. 


»  Freund*  Wieo.  med.  J&hrb,,  1886  ;  Haycraft  and  Carlicr,  Jouru.  of  Atiat  and 
Pbyaiol,  Vol  23. 

*  Pflager'ft  Arcb.,  Bd.  11.  The  w^rks  of  Alex.  Scliinidt  are  found  in  Ardi.  f.  Anal» 
Ittd  Physiol.,  1861,  1862;  Pflfiger's  Arch..  Bdd.  6,  »,  11,  18.  Sec  especially  Alex, 
Beluiiidt.  Zur  Blutlebrc  (Leipzig.  1892),  which  also  giTea  the  work  of  his  pupils,  and 
Wtltoro  Bcitrago  xur  Bluilebre,  1805. 

»Wi<?ii.  Sitzvitigsbcf-,  Bdd.  89  ami  90,  and  Pr^ger  med.  Wochenschr,  1889.  Rev 
fcrrtsd  to  in  Cenirnlbl  f.  d.  iiicd.  WUseuscU..  Bd.  2i?,  8,  265, 

*Oic*haf:b,  PflDger's  Arch.,  Bd.  50,  and  Ceniralb).  f.   d,  me<l,  Wissensch.,   1892, 

liU«if«Ul,  U#her   liriikorjten  und  BlulgerltiDUOg,    VerhAndl.  d,    pby&iol   Ges*;ll.scli. 

ilB«rlln«  No.  U,  1893  ;  Vcber  den  fl(Usfgen  Zustaod  des  Blutee,  etc,  dnd..  No.  16, 

19  ,  and  Wdtere  Belirilge  zur  Kenntnisse  dcr  Blutgerlnnuog,  iJtnd.,  July,  1883.    Zeit- 

r.  r.  pl^oL  Chem..  Bd.  20. 
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Although  the  views  on  this  point  are  strotiglj  divergent,  still  all  mrestiga- 

tors  aeem  to  be  united  that  some  constitaentB  of  the  form-element«  take 

part  in  the  coagulation  of  the  hlood. 

WooLDRiiKJia '  takes  a  very  peculiar  posilion  in  regard  to  thia  question,  namely,  he 
consider  the  form  eknnenis  as  otily  of  secondary  Importance  in  coa^ulatioo.  As  lound 
by  bim,  a  peptone- plasma,  wbicli  hi^  been  freed  from  all  form-coasttliients  by  means  of 
centrifULful  lorce,  yields  abundant  tihrin  whtu  it  ia  not  sepamled  from  a  subsiance 
which  precipitates  on  cootitig.  This  aubstaiice,  wbich  WooLDitiDnE  has  called  A  flbrio- 
l^gen,  iieems  to  all  appearanrea  to  he  a  nucleoproteid,  which,  nccordinif  to  the  untmi- 
mousview  of  at'verul  investigators,  originates  from  the  forin-elenrieutsof  the  blood,  either 
the  blood  plates  or  the  leucocytes,  and  the  generally  accepted  view  as  to  the  great  import- 
ance of  the  form  elements  in  the  coagulation  of  the  olood  is  not  really  cootrary  to 
WooLDIudge's  experiments. 

The  views  are  greatly  divided  in  regard  to  those  hodies  which  are 
eliminated  from  the  form-eleraenta  of  the  blood  before  and  daring  coagnla- 
tion. 

According  to  Alex.  ScnMtpT  the  leucocytes,  like  all  cells,  contain  two 
chief  grofipa  of  constituents,  one  of  which  accelerates  coagulation,  while  the 
other  retards  or  hinders  it  The  first  may  be  extracted  from  the  cells  by 
alcohol,  while  the  other  cannot  be  extracted.  Blood-plasma  contains  only 
traces  of  thrombin,  according  to  Sceimipt,  but  does  contain  its  antecedent, 
prothrombin.  The  bodies  which  accelerate  coagnlation  are  neither  thrombin 
nor  prothrombin,  btit  they  act  in  this  wise  in  that  they  split  off  thrombin 
from  the  prothrombin.  On  this  account  they  are  called  zymoplastic 
giihstances  by  Alex.  Schmidt.  The  nature  of  these  bodies  is  unknown, 
and  according  to  Liliehi?eld  Kil,P<)^  is  fonnd  amongst  them,  and 
Schmidt  has  given  no  notice  of  theii-  behavior  to  the  lime  salts,  which  have 
been  found  to  have  zymo]daatic  activity  by  other  investigators. 

The  constituents  of  the  cells  which  hinder  coagulation  and  which  are. 
insoluble  in  alcohol *ether  are  compound  proteids  and  have  been  called 
cyloghbin  and  prvtjlobnUn  by  SciiHiDr.  The  retarding  action  of  these 
bodies  may  be  suppressed  by  the  addition  of  zymo plastic  substances,  and 
the  yield  of  fibrin  on  coaguhition  in  this  case  is  much  greater  than  in  the 
absence  of  the  compound  proteid-retarding  coagulation.  This  last  supplies 
the  material  from  which  the  fibrin  is  produced.  The  process  is,  according 
to  Schmidt,  as  follows:  The  preglobulin  tlrst  splits,  yielding  serglobulin, 
then  from  this  the  fibrinogen  is  derived  and  from  this  latter  the  fibrin 
is  produced.  The  object  of  the  thrombin  i.i  twofold.  The  thrombin  first 
splits  the  fibrinogen  from  the  paraglobulin  and  then  converts  the  fibrinogen 
into  fibrin.  The  assumption  that  fibrinogen  can  l^e  split  from  paraglobulin 
baa  not  sufiicient  foundation  and  is  even  improbable. 

According  to  Schmidt  the  retarding  action  of  the  cells  is  prominent 
during  life,  while  the  accelerating  action  is  especially  pronounced  outside 
of  the  body  or  by  coming  in  contact  with  foreign  bodies.    The  parenchymous 


»  Die  Gerioaung  dcs  Blulea  (published  by  M.  v.  Prey,  Leipzig,  181>1). 
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ir)(va^  ^f  z\w  fvrspuiB  ^tui  twnetr  Amn^^  which  :aie  ':uand  dawa  in.  dm 
^j^p'llariiw,  itiv»  tdi^xw  ^l^fiUMiet  which  jerre  m  k«^  die  biood  laid  «iiiini^ 

lA.A9,'fi9%i,^  han  j|;7<m  tavuier  proofiiaB  6o  die ^leeiimncft  iiL  diftiSDEm* 
^km^nti)  «>f  tim  hlrwi  /vf  ivvti«i  which  acceiecacft  or  ncarri  die  ^Mjagnfarifin 
A^u^Ard'knfi  TA  nhiH  mdmr  die  riAcam  of  di«tt  hadveA  is  tstt  nuuicBiEj 
4iff<n*«vt  fr/wn  .V.nnf;f>T'^  wi«L  W^ile,  according-  w  yTnrnyr^  dia  coacn- 
\^A^r^'%t!M\4fe9X4^^  ar«  swilcn  iiolanie  in  alcnhnU  ^md  die  compoaiid  piQCBils 
0n(iMiiA«^M  with  aUwh^i  only  ^Mt  ncardingij  on  owignlation^  LixumncLD 
/i^Af/^  "^M  eh«  snrjiir^mce  which  ac»  accfticndngij  and  n^ardxnglj  en 
/V)ikr'>>at(4>n  <ionmit&i  ^f  s^  nncSeo^ri^tieiil,  namelj,  nncleohiacon.  Xtxcieohisoon 
r^A^i.;/  ^ilu  ItitA  l^nonnci^n  ^nd  hiiison,  the  fir^t  of  which  acta  aa  & 
fA!^>ii^Mfi^-^f%4^fMit^  vhile  dve  ocher,  incrodnced  into  die  bLooti'Vaacnlar 
ttyffUfm^  0^i:)Mfr  intra^a«cnlar  or  extraivafiiealar,  robs  die  blood  of  ic§  propercr 
/vf  f'Afi^nliictin^,  fntrodnced  into  the  eircnlatory  ajatem  die  nucleohiscoa 
^rlir^  ;nt/;r  itci  two  eomponenu.  It  therefore  caaaes  extenjiTe  GoagnladifML 
or»  </ri^  <«kM  jUV''!  make^  the  remainrler  of  the  blood  nncoa^Ubie  on  the 
Hh^r.  iAU%fir%Up'?.  th&fi^Fj  dlflen  from  that  of  Alex.  ScHXiiyr  and  meat 
4>i^»^  \u7fs9fiif(0U^3^  ir»  that  the  fibrin  ferment  U  not  considered  as  a 
f)fT0K',urnfrf^  \/r}t  m  a  pro<ln/!t,  of  the  coaiBfoIation.  The  tme  canse  of  coagnl^ 
f|//ri  >j9  t(»e  Umt/i^nf-.Mrm^  according  to  \AursrcLh,  The  inregtigadons  of 
hnJKSPPJJf  are  AM  sinfficiently  conclntire  for  nicfa  a  riew. 

VfHT;f%%  ftbower]  long  ago  that  fibrin  left  an  ash  containing  calciom 
IffiOfipbale,  The  fact  that  calciam  salts  maj  facilitate  or  even  canse  a 
eMgrilalimi  in  \\f\nu\$i  jioor  in  ferment  has  been  known  for  several  jearB 
thfmigb  the  researches  erf  HkMyixHSMV.s^  Oreex,  Rikoer,  and  Sainsbuby. 
Tlie  nmmmij  erf  the  lime  salts  for  the  coagulation  of  blood  and  plasma  was 
flffti  nhtmn  posHifely  bj  the  important  inrestigations  of  Abthus  and 
I'a/»M/  We  lire  not  clesr  in  regard  to  the  manner  in  which  the  lime  salts 
«ei< 

According  to  the  genemllj  accepted  riew  of  Akthus  and  Pages  the 
iolfible  lime  salts  jirecipitable  bj  oxalate  are  necessary  requisites  for  the 
fertnentlfe  tmnsformiition  of  fibrinogen  becanse  thrombin  remains  inactive 
In  the  utMsnce  of  soluble  lime  salts.  This  riew  is  untenable,  as  shown  by 
the  reseiirolies  of  Ar.RX.  Hohmiiyt,  Pekeluarikg,  and  Uammarstek.' 
Thrombin  Mti  m  well  in  the  Absence  as  in  the  presence  of  precipitable  lime 
Mits. 


I  tlsmmstnloii.  Kovs  Acts  rog.  Boo.  Bcient.  Upiial  (8),  Bd.  10,  1879;  Green,  Journ. 
of  Phyntnl.,  Vol.  Hi  lilngtr  atid  Hsitiibury,  iMd„  Vols.  11  and  12  ;  Arthus  et  Pag^s  and 
▲ribtii,  iii0  rool-nntii,  p.  124;  Ilsmmsnten.  ZDitnchr.  f.  pbyiiol.  Ohem.,  Bd.  22. 

*  ftsmmstiitsii.  Z«ltiiohr.  f.  pliyiilol.  Cliom..  Bd.  S2,  wharethe  other  investigators  are 
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Liliexfeld's  tbeory  that  the  leacoDuclein  splits  off  a  protein  snbBtaacei 
thrombosing  from  the  fibrinogen,  and  this  thrombosin  forms  an  iiisolubtti 
combination,  thrombosin  lime  (fibrin),  which  separates  with  the  lime 
present,  is  incorrect  according  to  Uammarsten,  Sceiafer,  and  Crameh/ 
Lilienfeld's  thromboein  is  nothing  but  fibrinogen  which  is  precipitated 
bj  a  lime  salt  from  a  salt-poor  or  salt-free  sol  at  ion. 

According  to  Pekeuiaring  *  thrombin  is  the  lime  combination  of 
prothrombin,  and  the  process  of  coagulation  consists,  according  to  him,  in 
the  thrombin  transferring  the  lime  to  the  fibrinogen,  which  is  hereby  con- 
Terted  into  an  insoluble  lime  combination,  fibrin.  The  thrombin  is  hereby 
reconverted  into  |>rothrombin,  which  again  takes  up  lime  to  be  transformcil 
into  thrombin,  which  gives  wp  its  lime  to  a  new  portion  of  fibrinogen,  con- 
Terting  it  into  fibrin;  and  so  on*  Among  the  objections  to  this  theory  we 
can  mention*  among  others,  the  fact  that  fibrin  has  been  obtained  not 
absolutely  free  from  lime,  but  still  bo  poor  in  lime  (nnpublished  investiga- 
tions of  the  author)  that  if  the  lime,  belongs  to  the  fibrin  molecule  it  mast 
be  more  than  ten  times  greater  than  the  hifimoglobia  molecule,  which  is  not 
probable.  These  as  well  as  many  other  observations  decide  that  the  lime 
is  carried  down  by  the  fibrinogen  only  as  a  contamination* 

If,  as  it  seems,  the  lime  is  not  of  importance  in  the  transformation  of 
fibrinogen  into  fibrin  in  tlie  presence  of  thrombin,  still  this  does  not  con- 
tradict the  above-mentioned  observations  of  Arte  us  and  Pages  that  the 
lime  salts  are  necessary  for  the  coagulation  of  blood  and  plasmas*  It  is  very 
probable  that  the  lime  salts,  as  admitted  by  Pekelijaring,  are  a  necessary 
requisite  for  the  transformation  of  prothrombin  into  thrombin. 

It  is  a  question  whether  the  prothrombin  exists  in  the  plasma  of  the 
circulating  blood  or  whether  it  is  a  body  eliminated  from  the  form-elements 
before  coagulation.  Alex.  SceMiDX  claims  that  the  circulating  plasma 
contains  prothrombin,  but  Pekelharing  disclaims  this.  Blood-plasma 
obtained  by  means  of  leech  infusion  does  not  coagulate  on  the  addition  of 
lime  salts,  but  does  on  the  addition  of  a  prothrombin  solution.  The  form- 
elements,  especially  the  blood-plates,  are  particnlarly  well  preserved  by  such 
plasma;  and  according  to  Pekelharing  it  is  probable  that  the  circulating 
plasma  does  not  contain  any  mentionable  amounts  of  prothrombin,  and  that 
this  body  emerges  from  the  form -elements,  perhaps  the  blood -plates,  befor© 
ooigulation.  The  difference  between  the  views  of  Schmidt  and  Pekel- 
HAEIKG  on  this  point  is  as  follows:  According  to  Schmidt  it  is  the  zyrno- 
plastic  8Qbstanc«iB  which  pass  from  the  form-elements  into  the  plasma  and 
transform  the  prothrombin  exiBting  preformed   therein.      Pekelharing 


'  Hfttnmiirsten*  Lc;  ScbUfer,  Joum.  of  PhysioL,  Vol.    17;    Cmmer.  Zeit«cbr.  f. 
phyaiol.  Chem.,  Bd,  23. 

■  See  fool-Dotc  4.  page  127.  aad  especially  VlrcUow'i  Festscbrfrt,  M.  K  '801. 
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claims  that  it  is  the  prothro^ibiii  which  passes  frooi  the  fomi-eletnents  ioio 
the  plasma  and  is  converted  into  thrombin  by  the  lime  salts  of  the  plasma. 

Id  opposition  lo  Ihe  view  of  Alex.  Schmidt,  who  considers  the  fibrin  coagalatlon  aa 
nu  cDzymotic  process,  Wooi.DHiD<iE  ^  ia  <if  the  opioion  tliat  tlie  tibrio  furmetii  is  Dot  Ihc 
cause  of  the  coagiiktiuu .  but  is  a  prodiJct  of  tlie  chemical  processes  tstking  place  dur- 
ing coagulatioiK  WooLBHiDGE  claims,  on  llie  coirtmiy,  tbat  leciibiQ  skiid  prtittin  snb- 
sliinces  containing  lecithin  are  of  the  greatest  importance  in  ihe  coagulation,  and  tlie 
essential  for  tbc  formation  of  fibrin  ia  an  excliiinge  action  bitweeii  two  tibrlnogen  Riib- 
alaiices,  ti-fibrinogeo  tind  /i-fibrfnogen.  An  eicbaniie  of  letiibin  from  a  fibrinogen  to 
/*f-fibrinogen  takes  place,  and  ihe  form'Clemcnis  are  only  of  minor  imporlance  for  the 
entire  process,  HALLinuRTON  '  1ms  pri^senied  weighty  nrpumenta  against  this  theory, 
which  are  not  sufficiently  founded  by  Wooluribge  8  ohervations. 

Inir avascular  coagulation.  It  has  b^en  shown  by  Alex.  Schmidt  and 
his  stndenta,  as  also  by  Wooldriim;e,  Wrioht/  and  others,  that  an  intra- 
vascnlar  coagulation  may  be  brought  abont  by  the  intravenous  injection 
into  the  circulating  blood  of  a  large  f|tiantity  of  a  tl.r  rnbin  solution,  as  also 
by  the  injection  of  leucocytes  or  tissne  fibrinogen  (impnre  nucleohiston). 
Intravascular  coagulation  maybe  brought  about  also  tinder  other  conditions, 
floch  as  after  the  injection  of  snake-poison  (Maktjk  *J  or  certain  of  the 
proteid-like  colloid  substances,  synthetically  prepared  according  to 
Grimai-x's  method  (Halliburtox  and  Pickerixcs  *).  In  rabbits  this 
coagulation  may  extend  through  the  entire  vascular  system,  while  in  doga 
it  is  ordinarily  confined  to  the  portal  system.  The  blood  in  the  other  jmrta 
of  the  vascular  system  has  generally  a  decreased  coagulability.  If  too 
little  of  the  above-mentioned  bodies  be  injected,  then  we  observe  only  a 
marked  retarding  tendency  in  the  coagulation  of  the  blood.  According  to 
WooT,t*itu>(tE  we  can  generally  maintain  that  after  a  short  stage  of  accel- 
erated coagulability,  which  may  lead  to  a  total  or  partial  intravascular 
coagulation,  a  second  stage  of  a  diminished  or  even  arrested  coagulability  of 
the  blood  follows.  The  first  stage  is  designated  (Wooldridgk)  as  the 
positive  and  the  other  as  the  negative  phase  of  coagulation.  These  state- 
ments have  been  confirmed  by  several  investigators. 

There  is  no  doubt  that  the  positive  phase  is  brought  about  by  an  abun- 
dant introduction  of  thrombin,  or  by  a  rapid  and  abundant  formation  of  the 
same.  According  to  Alex.  Schmidt,  the  zymoplastic  aabstances  soluble  in 
alcohol  are  active  in  these  processes,  while  according  to  the  investigations 
of  LiLiENFELD  this  action  ia  caused  more  likely  by  the  leueonucleiiis  split 
off  from  the  nucleohislon.  According  to  Wooldripge,  his  tissue  fibrinogen 
does  not  produce  any  intravascular  coagulation  if  it  is  freed  from  contami- 

1  Wooldrldge,  1.  c;  Halliburton.  Journ.  of  Physiol.,  Voh  9. 

•  A  Study  of  the  Intravascular  Coagulation,  etc.,  Proceed,  of  the  Roy,  Irish  Acad. 
(8),  Vol.  2.  See  also  Wdgbt,  Lecture  on  Tisaue  or  Cell  Fibrinogen,  The  Lancet.  1892  i 
and  Wooldridge*8  Method  of  Produclug  Immunity,  etc.*  Brit.  M«d.  Journal,  Sept.,  189L 

*  Journ.  of  Physiol. .  Vol  15. 
♦/&W,  Vol.  1». 
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nating  bodies  by  means  of  alcohol.     This  corresponda  with  the  sbatementa 
of  Alex.  Schmidt,  bat  etill  farther  ioveatigations  are  necessary. 

The  eiplanatioQ  of  the  production  of  the  negative  phase  has  been 
attempted  in  different  ways.  Lilienfeld  seeks  the  reason  in  a  cleavage  of 
faiston,  which  has  a  retarding  action,  from  the  nncleohiston.  The  retarding 
action  of  hiaton  has  been  shown,  but  not  its  cleavage  from  nucleohiston  in 
this    process.     According   to   WRKmx   and  Pekelhauino,  the   retarding 

Knbstancea  are  albnmoses,  which  are  formed  in  the  decomposition  of  the 
Djected  nucleoproteids.  In  opposition  to  this  view  we  have  the  fact  that 
ither  investigators,  as  Halliburtox  and  Brodie/  have  been  unable  to 
detect  any  albamose  in  the  blood  or  nrine  ander  these  conditions.  The 
retarding  action  of  the  poisonous  substance  of  snake-blood,  which  is  not  a 
ZLUcleoproteid,  as  well  as  the  action  of  albumoses,  epeakis  against  the  assump- 

Eion  as  to  a  retarding  decomposition  product  of  the  injected  niicleoproteid, 
UTe  have  a  large  number  of  researches  on  the  action  of  albumoses  by 
liferent  investigators,  such  as  Orosjeax,  Ledoltx,'  Ooxtejean,  Dahtre, 
Floresco,  Athanasiu,  Carvallo,  Gley,  Pachox,  Delezexne/  Sfiro, 
and  Elunger.*  The  chief  result  derived  from  all  these  investigations 
seems  to  be  that  after  the  injection  of  albumoses  a  special  substance  (at 
least  chiefly)  is  formed  in  the  liver.  This  spbstance  has  a  retarding  action 
on  coagulation,  hence  the  albumoses  are  not  directly  active.  If  the  blood 
has  its  coagulability  returned  some  time  after  an  injection  of  albumose 
eolation^  its  coagulation  is  not  prevented  by  another  injection  of  albumoses. 

I  The  animal  ha^j  become  immune  against  an  albamose  injection,  a  condition 
which  has  been  explained  in  dilTerent  ways  (see  SriRO  and  Ellinoer). 
Wright  gives  as  reason  why  the  intravascular  coagulation  of  the  blood 
of  a  dog  is  ordinarily  confined  to  the  portal  system  in  the  fact  that  it  con- 
tains larger  quantities  of  carbon  dioxide.  An  increased  quantity  of  carbon 
dioxide  in  the  blood  favors  the  appearance  of  the  positive  phase,  and  an 
intravascular  coagulation,  extending  over  the  entire  vascular  system,  may 
be  produced  in  dogs  that  have  been  asphyxiated  by  clamping  the  trachea,  by 

I  injecting  tissue  fibrinogen  (impure  nucleohiston).  Delezexxe*  has  arrived 
at  the  conclusion  by  con  tinned  investigation  liKit  the  bodies  retarding 
ooagalation  cause  a  hypoleucocytosis,  chielly  by  their  destractive  action  on 
the  leucocytes.     The  action  of  the  liver  consists  in  that  this  organ  produces 


»  Wrlgbt.  1.  c;  LiUeofeld,  h  c;  Pekelhariog,  L  c;  HftlUburlon  ami  Brodies  Journ, 

■  of  Physiol,,  Vol.  17. 
'  Grossjeao,  Travaur  du  laboraloire  de  L.  Fredericq,  4.    LiSge,  1892,     Ledoux,  ibid., 

■  The  works  of  ibe  above-menlloned  French  inveatigators  can  be  fouud  In  Com  pi, 
rend.  80C  bloL,  Tomes  46,  47,  and  48.  nod  Arch.  d.  Physiol  (5),  Tomes  7,  8,  and  9. 
*Zeil5cbr.  f.  pbysloL  Cbem,,  Bd.  23- 
•  Arch,  de  Physiol  (5),  Tome  10,  pagea  &08  and  568. 
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a  special  Babatance  which  retards  co&gnlation.  It  consistB,  moreover,  in  that 
in  the  cleavage  of  the  nocleobiston  the  leaconaclein,  which  acts  to  enbanoe 
coagulation,  is  retained  by  the  Uver-cellB,  while  the  histon,  which  retardi 
coagulatioD,  remains  in  the  blood. 

The  gases  of  the  blood  will  be  treated  of  in  Chapter  XVII  (on  respira- 
tion). 


IV*  The  Quantitative  Compoeitloii  of  the  Blood, 

The  qnantitative  analysifi  of  blood  cannot  be  of  ralne  for  the  blood  as  an 
entirety.  We  must  ascertain  on  one  side  the  relationship  of  the  plasma  and 
blood-corpascles  to  each  other,  and  on  the  other  side  the  constitution  of 
each  of  these  two  chief  constituents.  The  difticnlties  which  stand  in  the 
way  of  such  a  task^  especially  in  regard  to  the  living,  non-coagnlated  blood, 
have  not  been  removed.  Since  the  constitution  of  the  blood  may  differ  not 
only  in  different  vascular  regions,  but  also  in  the  same  region  under 
different  circnmstances,  which  renders  also  a  number  of  blood  analjees 
neoesaary,  it  can  hardly  appear  remarkable  that  our  knowledge  of  the 
constitution  of  the  blood  is  still  relatively  limited. 

The  relative  volnmo  of  blood -corpuscles  and  serum  in  defibrinated  blood 
may  be  determined,  according  to  L.  and  M.  Bleibtbeu,'  by  various 
methods  if  the  defibrinated  blood  is  mixed  with  different  proportions  of 
isotomic  NaCl  solution  (1  vol.  of  the  blood  to  at  least  1  vol,  salt  solution), 
the  blood -corpuscles  allowed  to  settle  to  the  bottom  or  facilitated  by 
centrifugal  force,  and  the  clear  supernatant  mixture  of  serum  and  common- 
salt  solution  siphoned  off.     The  methods  are  as  follows; 

L  Dtflermine  the  quaritity  of  nitrogen  in  at  least  two  different  portions  of  the  mijtlure 
of  «i;rum  and  salt  solutioo  by  means  of  K.ieldahi/8  metliO<i  auti  calculate  the  quantity 
of  proleid  corresponding  tbert^to  by  muHipivlDg  with  6.25*  and  the  relative  volume  of 
bloml  T,  and  also  the  volume  of  the  structunkl  elements  (1  — sc)^  la  found  by  the  following 
equation  : 


{ii  —  en"^  =~$,^—^ei 


*>' 


b, 


In  Ibia  equation  (for  mljttures  1  and  2),  bi  or  &„  represents  the  volume  of  blood  in 
mijciure,  jj  or  Ji  the  volume  of  ealt  Bolutioni  and  ^i  or  ^^  (lie  quantity  of  protefd  in  a 
tain  volume  of  each  mixture, 

2,  Determine  the  specific  gravity  of  the  blood-seTum,  the  salt  soliulons  and  at  least  one 
of  the  mixtures  of  serum  and  aalt  solution  by  means  of  a  pyknomcler.  The  reJAtlve 
volume  ol  serum  x  is  found  in  thi^  by  tlie  following  equalion  : 


1 


3  the  I 
cer-  ■ 


8  -  K 
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In  tilts  equation  j  and  b  represent  the  volumes  of  ftalt  solution  and  blood  mixed.  S  rep- 
reseota  Ihe  specliic  gravity  of  the  obtained  serum  and  salt  solution  obtained  on  Allowing 
the  blood'Corpuaclea  to  settle,  *So  the  ep.  gr.  of  the  serum,  and  A"  that  of  the  salt  solution. 
For  horse's  blood,  two  other,  shorter  methods  may  be  made  use  of  (see  The  origioai 
article)* 
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Important  objections  have  been  presented  by  eeveral  investigators,  snch 

Eykman,  Biernacki,  and  IIedin,*  against  the  above  methods,  whose 
Yalae  therefore  is  qneationable.  St:  Bugarsky  and  Tangl*  have  sag- 
gested  another  method  based  on  the  different  electrical  conductivity  of  the 
blood  and  plasma. 

For  clinical  purposes  the  relative  volame  of  corpascles  in  the  blood  may 
be  determined  by  the  use  of  a  small  centriinge  called  hwnmtocrit,  constnicted 
by  Blix  and  described  and  tested  by  IIedin.  A  measured  quantity  of 
blood  is  mixed  with  a  known  volume  (best  an  eqnal  volnme)  of  a  tin  id 
which  prevents  coagnlation.  This  mixture  is  introduced  into  a  tube  and 
then  centrifaged.  According  to  IIedin  it  is  beet  to  treat  the  blood,  which 
is  kept  fluid  by  1  p.  m.  oxalate,  with  an  equal  volume  of  a  9  p.  m.  NaCl 
8olation«  After  complete  centrif  ligation  the  layer  of  blood -corpuscles  is  read 
off  on  the  graduated  tube,  and  the  volume  of  blood-corposclea  (or  more 
correctly  the  layer  of  blood -corpuscles)  calcnlatetl  in  100  vols,  of  the  blood 
therefrom.  By  means  of  comparative  counts  IIedix  and  Da  land  have 
fonnd  that  an  approximately  constant  relation  exists  between  the  volnme  of 
the  layer  of  blood -corpuscles  and  the  number  of  red  corpuscles  under 
pliysiological  conditions,  so  that  the  number  of  corpuscles  may  he  calculated 
from  the  volume.  Daland'  has  shown  that  such  a  calculation  gives 
approximate  results  also  in  disease,  when  the  size  of  the  blood -corpuscles 
does  not  essentially  deviate  from  the  normal.  In  certain  diseases,  such  aa 
pemicioas  anaemia,  this  method  gives  such  inaccnrate  results  that  it  cannot 
be  useJ. 

In  determiniog  the  relationship  between  the  weight  of  blood-corpuscles 
and  the  weight  of  blood-tloid,  we  generally  proceed  in  the  following 
manner: 

If  any  substance  is  found  in  the  blood  which  belongs  excl naively  to  the 
plasma  and  does  not  occur  in  the  blood-corpuscles,  then  the  amount  of 
plasma  contained  in  the  blood  may  be  calculated  if  we  determine  the  amonnt 
of  this  substance  in  100  parts  of  the  plasma  or  serum,  respectively,  on  one 
side  and  in  100  parts  of  the  blood  on  the  other.  If  we  represent  the 
amount  of  this  substance  in  the  plasma  by  jri  and  in  the  blood  by  h^  then 

the  amount  of  j:  in  the  plasma  from  100  parts  of  blood  is  x  —         '    , 

Such  a  snbstance,  which  occurs  only  in  the  plasma,  is  fibrin  according 

^to  Hoppe-Seylkr,  sodium  according  to  Bukoe  (in  certain  kinds  of  blood), 

ind  sugar  according  to  Otto/     The  experimenters  jnst  named  have  tried 

^to  determine  the  amount  of  the  pkisnia  and  blood -corpuscles,  respectively, 

in  different  kinds  of  blood,  starting  from  the  almve-mentioned  substances. 

Another  method,  suggested  by  Hofpe-Seylek,  is  to  determine  the  total 
amount  of  hfemoglobin  and  proteida  in  a  portion  of  blood,  and  on  the  other 
hand  the  amount  of  haaraoglobin  and  proteids  in  the  blood -corpuscles  (from 


I  »  Biernacki,  Zeluehr.  f.  phyaloL  Chem.,  Bd.  19  ;  EykmiiQ,  Pflfiger's  Arch..  Bd.  ftOj 
Hediu,  ibid,,  and  Skand.  Arch,  f.  Physiol.,  Bd,  5. 

«  Centrjilbl.  r  PhysiLd.,  Bd.  11. 

■Hedin,  Skund.  Arch.  f.  PhjaloL.  Bd.  2,  S,  861  and  B<L  5;  Ptlflger's  Arch,»  Bd. 
00  :  Dalaod.  FortscLrltto  d.  Med.,  Bd,  %. 

*  HoppeSeyler,  Handb.  d.  phjsiol  u.  path,  cbcm.  Aualyie,  6.  AuH.  ;BuDge,  Zei^ 
■chr,  f.  Biologic,  Bd.  12;  Otto,  Pfliigei'a  Arcb..  Bd.  afi. 
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an  equal  portion  of  the  same  blood),  which  have  been  snfficiently  waah^ 
with  common-aalt  solution  by  centrifugal  force.     The  figures  obtained  as  a 
difference  between  these  two  determinations  correspond  to  the  amount  of 
proteids  which  was  contained  in  the  aerooi  of  the  first  portion  of  blood. 
If  we  now  determine  the  proteids  in  a  s|>eciai  portion  of  serunj  of  the  same 
blood,  then  the  amoont  of  serum  iu  the  blood  is  easily  determined.     The 
usefulness  of  this  method  has  been  confirmed  by  Buxge  by  the  control 
experiraents  with  the  sodium  determinations.     If  the  amount  of  serum  atid 
blood-corpuscles  in  the  blood  is  known,  and  we  then  deteroiine  the  amount 
of  the  different  blood-constituents  in  the  blood -serum  on  one  side  and  of 
the  total  blood  on  the  other,  the  distribution  of  these  different  blood-coa 
fitituents  in   the   two  chief  components  of  the  blood,  plasma   and   blood- 
corpuscles,  may  be  ascertained.     On  the  opposite  page  are  given  analjsea 
of  various  animal  bloods  by  Abdkrhaldex  '  according  to  IIoppe-Seyler's 
and  Bunge's  methods*     The  analyses  of  human  l>lood  by  C.  Schmidt*  are 
older  and  were  made  according  to   another  method,   hence  perhaps  the 
results  for  the  weight  of  corpuscles  is  a  little  too  high.     All  the  results  are 
in  parts  per  1000  parts  of  blood. 

The  relation  IjeLween  blood-corpuscles  and  plasma  may  vary  considerably 
tinder  different  circumstances  even  in  the  same  species  of  animal.  In 
animals  in  most  cases  considerably  more  plasma  is  formed,  sometimes  |  of 
the  weight  of  the  blood/  For  human  Ijlood  Arhoxet  has  found  478J 
p.  m.  blood-corpuscles  and  521.2  p.  m.  serum  (in  dedbrinated  blood)  as  m! 
average  of  nine  determinations.  Scdneider*  found  349.6  and  650.4  p.  m. 
respectively  in  women* 

The  sugar  occurs,  it  seema,  only  in  the  serum  and  not  with  the  blood- 
corpuscles.  The  same  is  trne,  according  to  Ajujerhalden,  for  the  lime, 
fatj  and  perhaps  also  the  fatty  acids.  The  division  of  the  alkalies  between 
the  blood-corpuscles  and  the  plasma  is  different,  as  the  blood -corpuscles 
from  the  pig,  horse,  and  rabbit  contain  no  soda,  those  from  hnmaii  blood 
are  richer  in  potassium,  and  the  corpuscles  from  ox-,  sheep-,  goat-,  dog-,  and 
cat-blood  are  considerably  richer  in  sodium  than  potassium.  Chlorine  exists 
in  all  blood  to  a  greater  extent  in  the  serum  than  in  the  blood -corpusclefi. 
The  iron  Beenia  to  occur  entirely  in  the  blood-corpuscles*  Manganese  haa 
been  found  in  blood,  as  well  aa  traces  of  lithium,  copper,  lead,  and  silvevfl 
The  blood  as  a  whole  contains  in  ordinary  cases  770-830  p.  nu  water,  with 
180-230  p,  m.  soHds;  of  these  173-220  p,  m.  are  organic  and  0-10  p,  ra, 
inorganic.  The  organic  consists,  deducting  6-12  p.  m,  extractive  bodies, 
of  proteids  and  haemoglobin.  The  amount  of  this  last-mentioned  l>ody  in 
human  blood  is  about  130-150  p.  m.     In  the  dog,  cat,  pig,  and  horse  the 

'  ZeiUclir.  f.  pliysioL  Chem.,  Bdd.  23  and  25.  V 

'  Cited  and  in  purl  recalculated  from  v.  Gonip^Besanez.  Lelirb*  d.  physiol.  Chem.. 
4.  Aufl.,  S.  345. 

■  See  Sacbarjln  in  Hoppe-Seyler's  Physiol  Chem.,  S.  447;  Otto,  PflDger'a  Arch,,  Bd. 
86  ;  Bunge.  L  c, ;  L.  antl  M.  Bleibireu,  PflUger'a  ArclJ.,  Bd*  51. 

*  Arroiiet,  Maly's  Jaliresber.,  Bd.  17;  Scbnelder.  Centralbl.  f.  Physiol.,  Bd.  6^  S.  869, 
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laaDtit?  of  bfemoglobiD  is  aboat  the  same,  and  lower  in  the  blood  from  the 
:>x,  bull,  sheep,  goat,  and  rabbit  (Abderhalden). 
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The  amount  of  sugar  in  the  blood  ie  on  an  average  1-1.5  p,  m.  It 
faeems  to  be  dependent  upon  the  constitution  of  the  food,  as  feeding  with 
large  amounts  of  sugar  or  detrin  causes  a  considerable  increase  in  the  sugar 
of  the  blood,  as  observed  by  Bleile.  When  the  quantity  of  sngar  amounts 
to  more  than  3  p.  m*,  then,  according  to  Cu  BEKiTARB,'  sugar  appears  in 
the  tiriDe,  and  also  a  glycosuria.     In  judging  of  the  amount  of  sugar  in  the 


>  Bleikp  Du  BoU-Rejmotid's  Arck.,  1879;  Benmrd,  L09O119  fiur  le  dlab^ie.    Paris,  1877. 
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blood  we  have,  in  most  caeefi,  overlooked  the  fact  that  the  redacing  power 
of  the  blood  is  not  dae  to  eagar  alone  but  also^  and  perhaps  in  greater  part, 
to  a  jecorin-like  sobstance  (see  page  133).  Aecording  to  Uekbiqitis  *  the 
blood  contains  under  normal  conditiong  only  incon£iderable  amounts  of 
Bugar,  and  the  reducing  power  depends  esfientially  upon  the  jecorin.  An 
increaae  in  the  quantity  of  sugar  takes  place,  as  first  observed  by  I3£RNari> 
and  lately  substantiated  by  Fa.  Schen*  k,*  after  removal  of  blood.  Accord- 
ing to  Heneiques  this  increase  of  the  reducing  power,  at  least  in  dogs,  ia 
not  due  to  sugar  bat  chiefly  to  jecorin,' 

The  quantity  of  urea,  which  according  to  Schondorfp  is  equally 
divided  between  the  blood -corpuscles  and  the  plasma,  is  greater  on  taking 
food  than  in  starvation  (Grehant  and  Quixqitatd,  Schondorff)  and 
Tariea  between  0.2  and  1.5  p.  m.  In  dogs  Schoxdokff*  found  in  starva- 
tion amininium  of  0.348  p.  m.  and  a  maximnm  of  1«529  p«  m.  at  the  point 
of  highest  urea  formation.  Blood  also  contains  traces  of  ammonia,  which 
amounted  to  1.5  milligrams  for  100  grams  arterial  dog-blood  (Nkxcki, 
Pawlow  and  Zaleski).  The  quantity  of  ammonia  in  the  blood  from 
the  portal  vein  is  about  3.4  times  greater,  but  the  greatest  exists  in  the  blood 
from  the  branches  of  the  portal  vein,  namely,  the  pancreatic  veins,  where 
it  amounts  to  11.2  milligrams.  The  blood  from  healthy  fiersons  contains 
on  an  average  0.90  milligrams  per  100  c.c.  according  to  Winterberg.* 
The  quantity  of  nric  acid  may  be  0.1  p.  m.  in  bird's  blood  (v.  Schroder*). 
Lactic  acid  vras  first  found  in  human  blood  by  Salomon  and  then  by 
Gaolio,  Berlixerblau  and  Irisavva."  The  quantity  of  lactic  acid  may 
rary  considerably.     Berlinerblau  found  0.71  p.  m.  aa  maximum. 
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The  Composition  of  the  Blood  in  Different  Vascular  Regions   and  onder 

Diferent  Conditions. 

Arterial  and  VenouB  Blood,  The  most  striking  difference  between 
these  two  kinds  of  blood  is  the  variation  in  color  caused  by  their  containing 
different  amounts  of  gas  and  different  amounts  of  ozyhaemoglobin  and 
haemoglobin.     The  arterial  blood  is  light  red;  the  Yenous  blood  is  dark  red. 


■        *  Zeitsclir.f.  pbysfoL  Chem.,  Bd.  23.      See  also  Kolisch  aod  Stejskal,   Wieo.  klin. 

HWocbvas<jbr.,  1898. 

|H      •  PflQgera  Arch,,  Bd.  57. 

^m     *  A  riitical  review  of  the  diJfereat  meibods  for  removfng  proteids  from  the  blood  in 

Hbe  Q0tlmjitk>fi  fif  fiugnr  has  been  given  by  StsegeD,  CeDtimlbL  f.  PhysioK.  Bd.  6. 

^ft      *  Gr^tiaiit  ft  Quin^uttud*  Journal  de  I  nnnlomie  et  de  la  pbjrsiol.i  Tome  20,  and 

^ButtipL  retid,.  Tome  (18  ,  ScbOudorfl.  PtlUgtr^H  Arch..  Bdd.  54  and  63. 

^B     •  Neijckl,  Pttwlow,  and  Zaleski,  Arcb.  de  scieac  bioL  de  St  Petcrabourg,  Tome  4; 

■riotef  Urg.  W  ien.  kUn.  Wocbenachr.,  1897;  and  Zeitirhr.  f.  klin.  Med.,  Bd,  m, 

IP      «  Ludwlg^i  FeftUchrift,  1887. 

'  Iriaitwi,  Zeiitchf.  f,  pbyniol.  Chcm.,  Bd.  17.  which  Also  givei  the  older  Uieratuie. 
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dicbroitic,  greenish  by  tranemitted  light  throagh  thin  layers.  The  arterial 
coagulated  more  quickly  tbaa  the  venoas  blood.  Tbe  latter^  on  account  of 
the  transudation  which  takes  place  in  tbe  cupillaries,  ia  somewhat  poorer  in 
water  bnt  richer  in  blood -corpuscles  and  baimoglobia  than  the  arterial 
blood,  but  this  is  denied  by  modern  investigators*  According  to  KttCrtEtt  ' 
and  his  pupils  tbe  quantity  of  dry  residue  and  haemoglobin  in  blood  from 
the  carotid  artery  and  from  tbe  jugular  vein  (in  cats)  are  the  same. 
KoiiMANN  and  MuHSAM '  could  not  detect  any  difterence  in  the  quantity 
of  fat  in  arterial  and  venous  ]>lood* 

Blood  from  (he  Porlal  Vein  and  the  Hepatic  Vein.  The  blood  of  the 
hepatic  vein  is  poorer  in  ordinary  red  blood-corpuscles  but  richer  in  white 
and  so-called  young  red  blood-corpuscles.  A  few  investigators  have  con- 
cluded from  this  that  a  formation  of  red  blood -corpuscles  takes  place  in  the 
liver,  while  others  claim  that  a  destruction  takes  place. 

In  cnnsequonce  of  the  small  quantities  of  bile  and  lymph  found  relatively 
to  the  large  quantity  of  blowd  circalating  through  tbe  liver  in  a  given  time, 
we  can  hardly  expect  to  detect  a  positive  difference  in  the  composition 
between  the  blood  of  the  portal  and  hepatic  veins  by  chemical  analysis- 
The  statements  in  regard  to  such  a  difference  are  in  fact  coutradictory. 
For  example,  Drosdokp  has  found  more  haemoglobin  in  the  hepatic  than  in 
the  portal  vein,  while  Otto  found  less,  Krugek  finds  that  the  quantity  of 
hemoglobin,  as  well  as  the  solids,  io  the  blood  from  the  vessels  passing  to 
and  from  tbe  liver  is  different,  but  a  constant  relationship  cannot  be 
determined.  The  disputed  question  as  to  the  varying  qnantities  of  sugar 
in  the  portal  aud  hepatic  veins  will  be  discussed  in  a  following  chapter  (see 
Chapter  VIII,  on  tbe  formation  of  sugar  in  the  liver).  After  a  meal  rich 
in  carbohydrates  the  blood  of  the  portal  vein  not  only  becomes  richer  in 
dextrose,  bnt  may  contain  also  dextrin  and  other  carbohydrates  (v.  Merino, 
Otto  ').  The  amount  of  area  in  the  blood  from  the  hepatic  vein  is  greater 
than  in  other  blood  (Grehaxt  and  Quixquaud*).  In  regard  to  the 
quantity  of  ammonia,  see  page  172. 

Blood  of  the  SpUnic  Vein  is  decidedly  richer  in  lencocytes  than  the 
blood  from  the  splenic  artery.  The  red  blood-corpuscles  of  the  blood  from 
the  splenic  vein  are  smaller  than  the  ordinary,  les3  flattened,  and  show  a 
greater  resistance  to  water.  The  blood  f  roni  the  splenic  vein  is  also  claimed 
to  be  richer  in  water,  fibrin,  and  proteid  than  the  ordinary  venous  blood. 
According  to  v.  Middeni>orff,  it  is  richer  in  haemoglobin  than  arterial 
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blood-  Kruger  '  and  bis  pupils  have  found  that  the  blood  from  the  ten* 
lienaiis  is  genemlly  richer  io  hafmoglobin  and  solids  than  arterial  blood;  still 
t!xe  contrary  is  often  found.  The  blood  from  the  splenic  vein  copulates 
slowly. 

7716  Blood  fnmi  the    Veins  of  the  Glands,     The  blood  circnlates  with 
greater  rapidity  through  a  ghmd  daring  activity  (secretion)  than  when  at  I 
rest,  and  the  outflowing  venous  blood  has  therefore  during  activity  a  lighter  I 
red  color  and  a  greater  amount  of  oxygen.     Because  of  the  secretion  the  ' 
venous  blood  also  beconiee  somewhat  poorer  in  water  and  richer  in  solids. 

The  blood  from  tlie  Muscular  Veins  shows  an  opposite  behavior,  for 
during  activity  it  is  darker  and  more  venous  in  its  properties  becanse  of  the 
increased  absorption  of  oxygen  by  the  musclea  and  still  greater  production 
of  carbon  dioxide  than  when  at  rest. 

}fefistruui  Bhod  has,  according  to  an  old  statement,  not  the  power  of 
coagulating.  This  statement  is  nevertheless  false,  and  the  apparent  an* 
coagulability  depends  in  part  on  the  womb  and  the  vagina  retaining  the 
blood-dot,  so  that  only  floid  cruor  is  at  times  eliminated,  and  in  part  on  a 
contamination  with  vaginal  mncus  which  disturbs  the  coagalation. 

77/f  Blood  of  ike  two  Sexes.  Woman's  blood  coagulates  somewhat  mote 
qnicklyj  has  a  lower  specific  gravity,  a  greater  amount  of  water,  and  a 
smaller  quantity  of  solids  than  the  blood  of  man.  The  amount  of  blood- 
corfiuscles  and  lu^moglobin  is  somewhat  smaller  in  woman's  blood*  The 
amount  of  hiiemoglobin  is  146  p.  m.  for  man^a  blood  and  133  p.  m.  for 
woman's. 

Ihifmg  pregjiaTiey  Nasbe  has  observed  a  decrease  in  the  specific  gravity^ 
with  an  increiise  in  the  amount  of  water  until  the  end  of  the  eighth  month. 
From  then  the  specific  gravity  increases,  and  at  delivery  it  is  normal  again^  » 
The   amount  of  fibrin  is   somewhat   increased  (Becquerel  and  KoDtEii,^ 
Kassk).     The  numl>er  of  blood-corpuscles  seems  to  decrease.     In  regard  to 
the  amount  of   h^iemoglobin    the  statements  are  somewhat  contradictory- « 
ConxsTETN'  found  the  number  of  red  corpuscles  diminished  in  the  blood^ 
of  pregnant  sheep  as  compared  to  non -pregnant,  but  the  red  corpuscles 
were  larger,  and  the  quantity  of  htt;moglobin  in  the  blood  was  greater  in  the 
first  case. 

The  Blood  at  Dilfcreni  Periods  of  Life,  For^tal  blood  is  strikingly 
poorer  in  blood-corpusclea  and  haemoglobin  than  the  blood  of  the  adult,  A 
few  hours  after  birth  the  blood  of  the  child  has  the  same  or  greater  qnantity 
of  hiemoglohin  than  the  blood  of  the  mother  (ConNSTEiy  and  ZrxTZ, 
Otto,  Winterxitz).     The  quantity  of  hiemoglobin  and  blood -corpuscles 


>  V*  Mtddendorff,  CeatralM.  f,  Physiol,  Bd.  2,  8.  753  ;  KrUger.  1.  c. 
*  Naase,  Maly's  Jtibreaber..  Bd.  7;   Becquerel   and  Kodier,  Traits  de  chim,  paliiol* 
Paris,  1854  ;~Cobn3tcin,  PflUger's  Arch.,  Bd.  M. 
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[quickly  increasea  after  birth;  etill  they  do  not  both  increase  at  the  iame 
|jate,  as  the  amount  of  hcemoglobin  increases  much  faster.     Two  or  three 
ays  after  birth  the  havnoglobin  reaches  a  maximum  (20-21^),  wliich   is 
iter  than  at  any  other  period  of  life*     This  is  the  cause  of  the  great 
labundance  of  solids  in  the  blood  of  new-bom  infants  as  observed  by  several 
pinTestigators*      The  quantity   of   liEemoglobin   and  blood -corpuscles   sinks 
gradually  from  this  first  maximum  to  a  minimum  of  about  ll^l-  !iit;moglobin^ 
which  minimum  appears  in  human  beings  between  the  fourth  and  eighth 
years.     The  quantity  of  hsemoglobin  then  increases  again  until  about  the 
^twentieth  year,  when  a  second  maximum  of  13.7-155^  is  reached.     The 
aflemoglobin  remains  at  this  point  only  towards  the  forty-fifth  year,  and 
then  gradually  and  slowly  decrea&ea  (Leichtexsterx,  Otto  '),     According 
to  older  statements,  the  blood  at  old  age  is  poorer  in  blood*corpuscles  and 
albuminous  bodies  but  richer  in  water  and  salts.     The  more  recent  investi- 
gations of  W»  Schwinge'  on  the  quantity  of  bremoglobin  and  the  number 
.of  red  and  white  corpuscles  in  human  beings  at  different  periods  of  life 
Itinder  various  conditions^  show  that  the  quantity  of  hiemoglobin  and  the 
number  of  the  red  blood -corpuscles  is  greatest  immediately  after  birth,  then 
.soon  sinks  to  a  minimum,  and  then  increases  again  as  growth  progresses. 
jiu  nmturity  they  show  certain  periodic  variations  until  finally  towards  th© 
'end  of  life  they  decrease  again.     The  number  of  leucocytes  on  the  contrary 
decrease  from  growth  to  maturity  but  later  increase. 

Ute  Injlue?ic€  of  Food  on  the  BhoiL     In  complete  starvation  no  decrease 

fin  the  amount  of  solid  blood  constituents  is  found  to  take  place  (Paxum 
aad  others).  The  amount  of  hii^moglobin  is  a  little  increased  (Subuotin, 
Otto),  and  also  the  number  of  red  blood-corpuscles  iucreases  (Worm 
LMOllek,  Bltntzen),  which  probably  depends  on  the  fact  that  the  blood- 
I  corpuscles  are  not  so  quickly  transformed  as  the  serum.  In  rabl»its  and  to 
a  less  extent  in  dogs,  Popel  '  found  that  complete  abstinence  had  a  tendency 
to  increase  the  specific  gravity  of  the  blood.  The  amount  of  fat  in  the 
blood  may  be  somewhat  increased  in  starvation  because  the  fat  is  taken  up 
from  the  fat  deposits  and  carried  to  the  various  organs  by  the  blood 
(K.  ^k:HiTLZ*). 

After  a  rich  meal  the  relative  number  of  blood-corpnscles,  after  secretion 
of  digestive  juices  or  absorption  of  nutritive  liquids,  may  be  increBised  or 


*  Cohnsteln  aod  ZudU,  Pfliiger'a  Arch.,  Bd.  S4 ;  Wintemilai,  Zeilschr.  f.  pliyaiol. 
Chctn.,  Bd,  32;  Leichlenateru*  Untersucb.  Ub4;r  deu  HamogloblogeiiiiJt  dea  Blutea, 
etc.     Leipzig.  1878  ;— Otio,  Haly'a  Jahresber.,  Bdd.  15  iind  IT. 

«  PnngefM  Arc-h..  Bd.  73. 

*  Pamim,  Virchow'a  Arcli..  Bd,  29  ;  Subbotfrj.  Zeitsclir.  f.  Blologle,  Bd.  7  ;  Otto,  1.  c: 
'  Worm   MiUler,    Transfusion   und  PleLliora.     CbrisUauia,   1875  ;^Buatzen,  see   Maly's 

Jabresber..  Bd.  9; — Popel,  ArcU<  des  acieuc.  biol.  de  St.  Petersbourg.  Tome  4,  p.  354. 

*  PflUger's  Arch..  Bd.  65, 
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dimiaished  (BtrKTZEN,  Leichtexstern)*     The  number  of  white  blood- 
corpuscles  may  be  eotisiderably   increased^  after  a  diet  rich  in  proteids. 
After  a  diet  rich  in  fat  the  plasma  becomes,  even  after  a  short  time,  more 
or  less  milky-wbite,  like  an  emulsion.     The  constitution  of  the  tooA  acta 
essentially  on    the   amount  of   haimoglobin  in  the  blood.     The  blood  of 
herbivora  is  generally  poorer  in  haemoglobin  than  that  froni  carnivora,  and 
SL7BB0TIN  has  observed  in  dogs  after  a  partial  feeding  with  food  rich  in 
carbohydrates  that  the  amount  of  hiemoglobin  sank  from  the  physiological 
average  of  137.5  p.  m.  to  103.2-93.7  p.  m.     According  to  Leichteksteb5 
a  gradual  increase  in  the  amount  of  biemoglobin  is  found  to  take  place  in 
the  blood  of  hnmao  beings  on  enriching  the  food,  and  according  to  the  i 
eaure  iti^eatigator  the  blood  of  lean  persons  is  generally  somewhat  richer  in! 
haemoglobin  than  blood  from  fat  ones  of  the  same  age.     The  addition  of 
iron  salts  to  the  food  greatly  inlluences  the  number  of  blood-corpuscles  aud 
especially  the  amount  of  bipmoglobin  they  contain.     The  action  of  the  iron 
salts  is  obscure*     According  to  Bunue  and  his  pupils,  they  probably  com* 
bine  with  the  suljihu retted  hydrogen  of  the  intestinal  canal  and  thereby 
prevent  the  iron,  associated  in  the  food  as  protein  combination,  froni  being 
-eliminated  as  iron  sulphide.     According  to  numerous  other  investigatoiBi 
€uch   as   WoLTERiNG,  KuNKEL,  MjLCULLUM,  W.  Hall,  Hochhaus,  andJ 
QuixcKE  and  Gaule,  therapeutic  iron  is  also  absorbed  and  is  of  value  in  thej 
formation  of  luBiuoglobin. ' 

An  intrease  in  the  number  of  red  corpuschSy  a  true  **  plethora  poly- 
CYTH.EM1CA,'*  takes  place  after  transfusion  of  blood  of  the  same  species  of 
animal.  According  to  the  observations  of  Panum  and  Worm  Muller,* 
the  blood-liquid  is  quickly  eliminated  and  transformed  in  this  case, — the 
water  being  eliminated  principally  by  the  kidneys,  and  the  proteid  homed 
into  nrea,  etc.^^ — while  the  blood-corpuscles  are  preserved  longer  and  cause  a 
**  roLYCYTii^MiA."  A  relative  increase  in  the  number  of  red  corpuscles  is 
found  after  abundant  transudations  from  the  blood,  as  in  cholera  and 
heart- failure,  with  considerable  accumulation.  An  increase  in  the  number 
of  red  blood-corpuscles  has  also  been  observed  under  the  influence  of 
diminished  pressure  or  in  high  altitudes,  Viault  first  called  attention  to 
the  fact  that  the  number  of  red  corpuscles  was  very  great  in  the  blood  of 
man  and  animals  living  in  high  regions.  According  to  him  the  llama  has 
about  10  million  blood-corpnscles  per  c.mm.  By  observations  on  himself 
and  others^  as  well  its  on  animals,  Viault  found  the  first  effect  of  sojonming 
in  high  localities  was  a  very  considerable  increase  in  the  nnmber  of  red 


'  Butjge,  Zeitschr.  f.  phyaiol.  Cbetn*.  Bd.  9;  HfiusetmatiE,  UmL,  Bd.  23.  where  the 
works  of  Woltedng,  Gaule,  Hall,  Hocblmus,  anti  Quincke  are  died.    The  same  work, 
coatniria  a  table  of  the  quamit  v  of  iron  in  various  foods;  Kunkei,  Pfltlger*«  Arch.,  Bd* 
SI  I  Mactillum,  JoiirnBl  of  Physiol..  VoL  16. 

•  FiDum.  Virchow's  Arch..  Bd.  29  ;  Worm  Mailer,  L  c. 
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I  Gorpascles,  \n  his  own  case  5-8  milliona.  A  similar  increase  of  the  red 
I  blood'Corpascles^  as  also  an  increase  in  the  qaantiiy  of  haemoglobin  under 
[the  iiitluence  of  diminiehetl  pressiiTe,  has  been  obserfed  by  many  otlier 
Infestigators  in  haman  beings  as  well  as  In  animals.  The  experimenters  are 
not  united  as  to  whether  this  incretiBe  is  absolute  or  only  relative,  caused  by 

^Ka  coDcentratioQ  of  the  blood  produced  by  a  withdrawal  from  the  plasma  into 

Hthe  lymphatics  or  by  other  conditions/ 

^P       A  decrease  %n  the  number  of  red  corpuscles  occors  in  anaemia  from  differ* 

'  ent  caoses.  Very  excessive  hemorrhage  causes  an  acute  amemia,  or  more 
correctly  oligemia.  Even  during  the  hemorrhage  the  remaining  blood 
3om6g  richer  in  water  by  diminished  secretion  and  excretion^  as  also  by 
fan  abundant  absorption  of  parenchymons  fluid,  somewhat  poorer  in  proteids 
id  strikingly  poorer  in  red  blood-corposcles.  The  oligairaia  passes  soon 
inif}  a  hydrsemiiK  The  amount  of  proteid  then  gradaally  increases  again; 
bat  the  re-formation  of  the  red  blood-corpuscles  is  slower,  and  after  the 
hydremia  follows  also  an  oligocyth£emia.  After  a  little  time  the  number  of 
blood -corpuscles  rises  to  normal;  but  the  re-formation  of  haemoglobin  does 
not  keep  pace  with  the  re- formation  of  the  corpuscles,  and  a  clilorotic  con- 
dition may  appear.  A  considerable  decrease  in  the  number  of  red  corpuscles 
occars  also  in  chronic  anaemia  and  chlorosis;  still  iu  such  cases  an  essential 

■decrease  in  the  amount  of  hannoglobin  occnrs  without  an  essential  decrease 
in  the  number  of  blood -corpuscles.  The  decrease  in  the  amount  of  haemo- 
globin is  more  characteristic  of  chlorosis  than  a  decrease  in  the  number  of 
red  corpascles. 
^  A  very  considerable  decrease  in  the  number  of  red  corpuscles  (300,000- 
^B4OO,000  in  1  cmm.)  and  diminution  in  the  amount  of  haemoglobin  {\-^) 
occnrs  in  pernicious  anaemia  (Hayem,  La  ache,  and  others).  On  the 
contrary,  the  individual  red  corpuscles  are  larger  and  richer  in  hsemoglobin 
than  they  ordinarily  are»  and  the  number  stands  iu  an  inverse  relationship 
to  the  amount  of  hsBmoglobin  (Hay em).  Besides  this  the  red  corpuscles 
often,  but  not  always,  show  in  pernicioas  anaemia  remarkable  and  extraor- 
dinary irregularities  of  form  and  size,  which  Quincke*  has  termed  j?oiX'i7o- 
cyiosis. 

The  Composition  of  the  Red  Corpuscles.     Irrespective  of  the  changes  in 
the  amoant  of  haemoglobin,  m  jnst  mentioned,  the  composition  of  the  blood- 


'SeeViault,  Compt,  rend..  Tome  111,  112.  and  114;  MUnU,  ibid.,  112;  Reynard, 
CotnpL  reod.  Soc.  d©  hioL.  Tome  44.  The  works  of  Miescher  and  his  coworkers  are 
fouDJ  iQ  "Die  histochemischt'ii  und  pbysloL  Arbcken  vnii  Friedrick  Mfeacher,"  Leip- 
zig, 1807.  ( Bi lb ge  and)  Weiss.  Zeitschr  f.  ph5^siul.  Cliem.,  Bd.  22;  Glacosn,  tbid,,  Bd. 
33;  Gmwitz.  Berl.  klin,  Wocheuscbn,  1895;  Loewy  mid  Zuotz,  Pfltiger's  Arcli..  Bd» 
60;  Scbaumaon  and  Koscnquist,  Zeltschn  f.  klia.  Med.,  1898. 

'  Laaclie,  **  Die  Anltmie"  {Chrblmnm^  1883),  which  also  contains  the  literftlure ; 
Quincke,  DeuUih.  Arch.  f.  kliu.  MeiL,  Bdd.  20  and  25. 
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corpQscles  may  be  changed  ia  other  ways.  By  abondant  transadationa^  ti 
in  cholera,  the  blood-corptiscles  may  give  np  water,  potassium,  and  phc*- 
phoric  acid  to  the  concentrated  plasma  and  become  correspondingly  richer 
in  organic  substances  (C,  Schmidt').  By  a  few  other  transadatioii 
processes,  as  in  dysentery  and  dropsy  with  albuminuria,  a  considerable 
amount  of  proteid  passes  from  the  blood ;  the  plasma  becomes  richer  in 
water,  and  the  blood-corpuscles  take  np  water  and  so  become  poorer  m 
organic  Bubstance  {C.  Sciimidt), 

The  Clumber  of  leucocytes  may,  as  above  mentioned,  increase  considerablv 
under  physiological  conditions,  such  as  after  a  meal  rich  in  proteidi 
(physiological  lencocytosis).  Under  pathological  conditions  a  hyiierkncth 
cyiosismtiy  occur,  and  according  to  Vikchow  '  this  occurs  in  all  patlmlogical 
processes  in  which  the  lymphatic  glands  take  part.  Leuoocj  tosis  occmi 
prommently  in  leucaemia,  which  is  characterized  by  the  very  great  aboD- 
dance  of  leucocytes  in  the  blood.  The  number  of  leucocytes  is  not  otdj 
absolutely  increased  in  this  disease,  but  also  iu  proportion  to  the  ntimt>erof 
red  blood-corpuscles,  which  is  considerably  diniiiiiBhed  in  leucf^mia.  Tbe 
blood  from  a  leucaemic  patient  has  a  lower  specific  gravity  than  the  ordinarj 
(1,035-1.040)  and  a  lighter  color,  as  if  it  were  mixed  with  pns,  Tb« 
reaction  is  alkaline,  but  after  death  is  often  acid,  probably  due  to  a  decom- 
position of  the  considerably  increased  lecithin.  In  lenciemic  blood,  volatile 
fatty  acids,  lactic  acid,  glycero-phospboric  acid,  large  amounts  of  lanthia 
bodies,  and  the  so-called  Charcot's  crystals  (see  Chapter  XIII)  have  lieea 
found. 

The  quaniUy  of  water  in  the  blood  is  increased  in  general  dropsy,  with 
or  without  kiduey  disease,  io  different  forms  of  anaemia,  and  in  scarTj. 
The  amount  of  water  is  diminished  in  abnndant  transudations,  by  tbe 
action  of  powerfnl  laxatives,  in  diarrhoea,  and  especially  iu  cholera. 

Tlie   amonni   of  proieids   m   the    blood   may   be    relatively   increased 
(nypERALBUMiNOSis)    in   cholera   and   after  the  action   of  laxatives.    A 
decrease  in  the  amount  of  proteids  (nypALBUMiNOSis)  occnra  after  direct 
loss  of  proteids  from  the  bloody  as  in  hemorrhage,  albuminuria,  in  evactia- 
tions  rich  in  proteid  (dysentery),  copious  formation  of  pus,  anaemia,  etc-t 
etc.     The  amount  of  fibrin  is  increased  (hyperinosib)  in  inflammattJ 
diseases,  pneumonia,  acute  muscular  rheumatism,  and  erysipelas,  iu  wbi 
the   blood   yields  a  **  chusta   PHLOGisxiCA '*  because  it   coagulates  m< 
slowly.     The  statements  in  regard  to  the  occurrence  of  a  hyperinosis 
scurvy  and  hydr.Temia  seems  to  require  further  confirmation.     A  decrease 
the  amount  of  librin  (hypinosis)  has  not  been  observed  with  certaiuty 
any  dise^ise. 


i 


1  Cited  from  Hoppe-Seyler,  Physiol.  Chem.,  S.  479. 
'  Virchow,  Gesauimelte  AbhandL  zur  wisseuscli.  Med., 
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The  amoHfU  of  fat  in  the  blood  (lip^emia)  increases,  irrespective  of  the 
increase  after  a  diet  rich  in  fat,  in  drunkards,  in  corpulent  individuals, 
after  fractnre  of  the  bones,  and  also  in  diabetes.  In  the  last-mentioned 
case  the  increase  in  fat  depends,  according  to  IIoppe-Seyleb,'  iipou  defec- 
tive digestion,  v.  Jaksch  *  has  observed  volatile  fatty  acids  in  the  blood 
(lipaciu-emia)  in  febrile  diseases,  leucaemia,  and  sometimes  in  diabetes. 

The  amount  of  salts  in  the  blood  is  increased  in  dropsy,  dysentery,  and 
in  cholera  immediately  after  the  first  violent  attack,  but  diminishes  later 
after  the  attack  in  cholera,  in  scnrvy,  and  in  intiatiimatory  diseaaes. 
According  to  Moraczewski  *  the  quantity  of  chlorine  in  the  blood  is 
increased,  with  a  aimnltaneons  decrease  in  the  qnantity  of  chlorine  in  the 
urine  and  a  chlorine  retention  takes  place.  In  pneumonia  and  nephrites  the 
chlorine  of  the  blood  is  diminished  with  a  simultaneous  decrease  of  chlorine 
in  the  urine.  The  statements  in  regard  to  the  alkalinity  of  the  blood  in 
diseases  are  uncertain. 

The  quantity  of  glucose  is  increased  in  diabetes  (melUtaBmia).  Hoppi^:- 
Seylek  found  in  one  case  9  p.  m.  glucose  in  the  blood.  Accordiug  to 
Claude  Bernaed,*  when  the  quantity  of  glucose  in  the  blood  amounts  to 
3  p.  m.  it  passes  into  the  urine.  The  correctness  of  this  statement  has  been 
disputed  for  some  time,  and  in  fact  we  do  not  know  to  what  extent  the  re- 
ducing power  of  the  blood  is  due  to  the  presence  of  other  bodies  (jecorin). 
According  to  Lepine  and  Barral  and  Kaufmank*  the  saccharifjiug 
property  of  the  blood  is  diminished  in  diabetes.  The  quantity  of  nrm  is 
augmented  in  fevers,  also  in  increased  metabolism  of  proteids,  followed  by 
an  increased  urea  formation.  A  further  increase  in  the  amount  of  urea  in 
the  blood  occurs  in  retarded  micturition,  as  in  cholera  as  well  as  in  cholera 
infantum  (K.  Mdrkeh'),  and  in  affections  of  the  kidneys  and  the  urinary 
passages.  After  a  ligature  of  the  ureters  or  after  extirpation  of  the  kidneys 
of  animals  an  accumulation  of  urea  takes  place  in  the  blood.  Uric  acid  is 
found  increased  in  the  blood  in  gout  (Gaerod,  Salomon*);  oxalic  acid 
was  also  fonnd  in  the  blood  in  the  same  disease  by  Garkod.  According  to 
V.  Jaksch  fevers  alone  do  not  lead  to  uricacidmviia.  Uric  acid  occurs  in 
relatively  large  qnantities,  up  to  0.08  p.  m.^  in  croupous  pneumonia, 
affections  of  the  kidneys,  anemia,  and  especially  such  conditions  which  lead 


>  PbysioU  Ctiem.,  S.  438. 

«  Zeilschr  f.  kiln.  Med..  Bd.  11. 

'  Virchciw'g  Arch..  Bdd.  139  aadJU6. 

*  Hop^w-Seyler.  Physiol.  Gliem,,  S.  430;  Bernard,  Le90D»  sur  le  dfal>^te.    Paris,  imi. 

*  Ltipiiie  and  Barral,  Revue  de  medeciue,  189^ ;  Kaufmana,  Compt,  rend,  de  8oc* 
blol.  Tome  46. 

*  Sec  Miily's  Jaliresber..  Bd.  17.  S.  453. 

'  Garnxl.  Med.  Surg,  Transactions.  Vols.  81  and  87  ;  Salumoo,  Zcitsclir.  l,  plijslol 
Chem..  Bd.  3. 
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to  the  symptoms  of  dyspnoDa.     Xucleio  bases  occur  sometimes  in  rery  small 
quantities  (v,  Jaksch). 

Among  the  foreign  bodies  which  are  foiind  in  tbe  blood  tlie  following 
must  bu  mentiooed  here:  biliary  acids  and  biliary  pigmekts  (which 
latter  may  occur  under  physiological  conditions  in  a  few  varieties  of  blood) 
In  icterne;  leucix  and  tyrosik  in  acnte  atrophy  of  the  liver;  acctok 
©specially  in  fevers  (v.  Jaksch  ').  In  melana?mia^  especially  after  contiuuoni 
malarial  fever,  black,  less  often  light  brown  or  yellowish,  grains  of  pigment 
occnr  in  the  blood,  which,  according  to  the  generally  received  opinion, 
come  from  the  spleen.  After  poisoning  with  potussiiim  chlorate,  methise- 
mbglobin  is  observed  in  hnman  and  in  canine  blood  (Mabchakd  and 
Cahn);  but,  on  the  contrary,  no  formation  of  methi^moglobin  takes  place 
in  the  blood  of  rabbits  {Stokvis  and  Kimmyser).  A  formation  of  methiB- 
moglobin  may  be  cansed  at  the  expense  of  the  ha?moglobiii  by  the  inhalatioa 
of  amyl  nitrite,  as  also  by  the  action  of  a  nnmber  of  other  medicinal  bodiet 
(Hayem,  IHttricit/  and  others)* 

The  qiuTniilij  of  blood  is  indeed  somewhat  variable  in  di:fferent  spetnVit 
of  animals  and  in  different  conditions  of  the  body;  in  general  we  consider 
the  entire  quantity  of  blood  in  adults  b&  abont  ^3— xV  ^^  ^^®  weight  of  the 
body,  and  in  new-born  infants  abont  y*!-  ^^^  individnals  are  relatively 
poorer  in  blood  than  lean  ones.  During  inanition  the  qnantity  of  blood 
decreases  less  quickly  than  the  weight  of  the  body  (Panum'),  and  it  mav 
therefore  be  also  proportionally  greater  in  starving  individuals  than  in  wpII- 
led  ones. 

By  careful  bleeding  the  qnantity  of  blood  may  be  considerably  diminished 
without  any  dangerous  symptoms.  The  loss  of  blood  to  i  of  the  normal 
qnantity  has  as  sequence  no  durable  sinking  of  the  blood-pressure  in  the 
arteries;  while  the  smaller  arteries  accommodate  themselves  to  the  small 
quantities  of  blood  by  contracting  (Worm  Muller  *).  A  loss  of  blood  to  one 
third  of  the  quantity  reduces  the  blood-pressure  considerably,  and  a  loss  of 
one  half  of  the  blood  in  adults  is  dangerous  to  life.  Tbe  more  rapid  the 
bleeding  the  more  dangerous  it  is.  New-bom  infants  are  very  sensitive  to 
loss  of  blood,  and  likewise  fat^  old,  ami  weak  persons  cannot  stand  ranch 
loss  of  blood.     Women  can  stand  loss  of  blood  better  than  men. 

The  qnantity  of  blood  may  be  considerably  increased  by  the  injection  of 
blood  from  the  same  species  of  animal  (Paxum,  Landois,  Worm  Mullks, 
Pokfick).    According  to  Worm  Mullee  the  normal  qnantity  of  blood  may 
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'  Ueber  Acetouurie  und  Diaceturie.    Berlin.  1885. 

»  Marcband,  Virchow's  Arcb.,  Bd,,  77,  and  Art-h.  f.  ex\K  Path,  it,  Pbarm.,  Bd,  %%; 
Cahn,  ibtd.,  Bd.  24  ;  StokviB,  ibid.,  Btl  21  ;  Kinimyser,  soe  Mjdj*s  Jftbresher..  Bd.  H[ 
Hayem.  Compt.  rend.,  Tome  102  ;  Dittricb.  Arch.  f.  exp,  Pulh.  u,  Phann.,  Bd.  28l 

»  Virchow's  Arch..  Bd.  29. 

*  TraoBfuBfoD  uod  Plethora.    Christiaoiai  1875. 
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indeed  be  increased  iof^Zi  without  producing  any  abnormal  conditions  or 
lastiag  high  blood -press  a  re.  An  increase  of  the  qnantity  of  blood  to  1501^ 
may  be  directly  dangerous  to  Jife  (WoFtM  Muller).  If  the  quantity  of 
blood  of  an  animal  is  increased  by  transfusion  with  blood  of  the  same  kind 
of  animal,  an  abundant  formatioo  of  lymph  takes  plac^e.  The  water  in 
excess  is  eliminated  by  the  urine;  and  as  the  proteid  of  the  hlood-sernm  ia 
qnicklj  decomposed,  while  the  red  blood-corpuscles  are  destroyed  much 
more  slowly  (Tschikjew,  Forster,  Panum,  Worm  Muller'),  a  polyoy- 
ihfemia  is  gradually  produced* 

If  blood  of  another  kind  is  tranefuaed,  then  under  certain  conditions, 
according  to  the  quantity  of  blood  introdoced,  more  or  less  menacing 
Bjmptoms  occur.  These  appear,  for  instance^  wben  the  hlood-corpiisclea 
of  the  receiver  are  dissolfed  easily  by  the  serum  of  the  introduced  blood,  as, 
for  example,  the  blood-corpuscles  of  rabbits  on  transfusion  with  a  different 
kind  of  blood,  or  the  reverse,  when  the  blood -corpuscles  of  the  transfused 
blood  are  dissolved  by  the  blood  of  the  receiver;  for  instance,  when  the 
blood  of  a  dog  is  transfused  with  rabbit's  or  lamb's  blood,  or  the  blood  of  a 
man  with  lamb's  blood  (Lanihjis),  Before  dissolving,  the  hlood-corpasclea 
may  unite  in  tough  agglomerated  heaps,  which  clog  op  the  smaller  vessels 
(Landois).  On  the  other  hand,  the  stromata  of  the  dissolved  blood - 
corpuscles  may  also  give  rise  to  an  extensive  intravascular  coagulation, 
caoslng  death. 

The  transfusion  should  therefore  when  possible  be  made  with  the  blood 
of  the  same  kind  of  animal,  and  for  the  resnscitating  action  of  the  liloo  i  it 
is  immaterial  whether  or  not  it  contains  the  fibrin  or  the  mother-aubstance 
of  the  same.  The  action  of  transfused  blood  depends  on  its  blood- 
corpuscles,  and  therefore  defibriuated  blood  acts  jast  like  uon-defihriuated 

(PANUM,   LaKDOIS)* 

The  property  of  blood  aeruai  of  a  cerlaia  species  of  animals  of  dissolviug  or  dcstroy- 
iug  I  lie  blood*corpii4ck'S  of  imotber  ba^  been  called  the  globul^kial  acthn  of  the  Renim. 
The  bactericidHl  or  so-called  micrabicvlat  tfetiofioi  Xheminm  slaodsiu  close  coiiDeclfou  to 
the  above.  These  aclioua  are  counected  with  the  presence  of  ct  riain  enxymc^-like  prorciu 
bodies,  ao>caUed  alexins,  whicli  origloate  from  the  leucocytes  Aa  shown  by  BrJUEN. 
Uahn,  Camts,  and  Qley»*  blood-aerum  acts  deatructJToly  on  certain  enzymes,  sncb  as 
leanio,  pepsin,  and  trypsin,  but  this  action  is,  according  to  Hahn*  uot  connected  with 
the  globullcidal  or  bactericidal  action. 

The  quantity  of  blood  in  the  different  organs  depends  essentially  on  the 
activity  of  the  same.     During  work  the  exchange  of  material  in  an  organ 

'  Panum,  Nord,  med.  Ark.,  Bd.  7;  Vircbow's  Arcb.,  Ed.  63  ;  Landuls.  Centralbl. 
f,  d.  med.  Wissenscb.,  1875,  and  *'  Die  Traosfuaioa  des  Blulcs/*  Leipzig,  1875 ;  Worm 
MQller,  ^'Tranflfusion  und  Plethora";  Pouflck,  Vircbow's  Arck,  Bd.  62;  Tschirjew, 
Arbcileo  aus  der  Physiol.  Auslalt  zu  Leipzig,  1874,  S.  292;  Forster,  Zeitscbr.  f.  Biologie, 
Bd.  11;  Pamim,  Virchow'a  Arch.,  Bd.  29. 

*  Rodeo*  8ee  Maly's  Jahresber.,  Bd.  17  ;  Hahn,  Berlin,  klin.  Wochenschr.,  1897,  No. 
S8;  Oiifnys  and  Glcy.  Arcb.  de  Physiol.  (5),  Tome  9. 
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is  more  active  than  when  at  rest,  and  the  increased  metabolism  is  connected 
with  a  more  abundant  flow  of  blood.  Although  the  total  quantity  of  blood 
in  the  body  remains  constant,  the  distribution  of  the  blood  in  the  varioaa 
organs  may  be  different  at  different  times.  As  a  rule,  the  quantity  of  blood 
in  an  organ  can  be  an  approximate  measure  of  the  more  or  less  active 
metabolism  going  on  in  the  same,  and  from  this  point  of  view  the  distribu- 
tion of  the  blood  in  the  different  organs  and  groups  of  organs  is  of  interest. 
According  to  Ranke,*  to  whom  we  are  especially  indebted  for  our  knowl- 
edge of  the  relationship  of  the  activity  of  the  organs  to  the  quantity  of 
blood  contained  therein,  of  the  total  quantity  of  blood  (in  the  rabbit)  about 
one  fourth  comes  to  the  muscles  in  rest,  one  fourth  to  the  heart  and  the  large 
blood-vessels,  one  fourth  to  the  liver,  and  one  fourth  to  the  other  organs. 

*  Die  Blutvertheilung  und  der  Thfttigkeitswechsel  der  Organe.    Leipzig,  1871. 
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CHYLE,   LYMPH.   THANSUBATIONS   AND  EXUDATIONS. 


I.  Chyle  and  Lyiiipli. 

^HE  lymph  is  the  mediator  in  the  exchange  of  conBtituents  between  th« 
blood  and  tissnea.  The  bodies  necessary  for  the  nutrition  of  the  tissnea 
pasB  from  the  blood  into  the  lymph,  and  the  tissues  deliTer  water^  ealta,  and 
prod  acts  of  metabolisni  to  the  lymph.  The  lymph  therefore  originates 
partly  from  the  blood  and  partly  from  the  tisanes.  From  a  purely  theoTeti- 
cal  standpoint  we  caii>  according  to  Heidenhain,  diiferentiate  between 
blood-lymph  and  tiBsne-lymph  according  to  origin.  It  is  impossible  at  the 
present  time  to  completely  separate  what  one  or  the  other  sonrce  supplies. 
Chemically  the  lymph  is  the  same  aa  plasma  and  contains,  at  3east  to  a  great 
extent,  the  same  bodies.  The  observation  of  Asher  and  Barbera,'  that 
the  lymph  contains  poisonous  metabolic  products^  does  not  contradict  such 
an  assumption,  as  no  doubt  these  products  are  transferred  to  the  blood  with 
the  lymph.  Although  the  blood  does  not  show  the  same  poisonous  action 
as  the  lymph,  still  this  can  be  explained  by  the  great  dilation  these  bodies 
mdergo  in  the  blood,  and  the  difference  between  blood -plasma  and  lymph  is 
no  donbt  of  a  quantitative  nature.  This  difference  conaista  chiefly  in  that 
the  lymph  is  poorer  in  proteida.  No  essential  chemical  difference  has  been 
foand  between  the  lymph  and  the  chyle  of  starving  animals.  After  fatty 
food  the  chyle  differs  from  the  lymph  in  its  wealth  of  minntely  divided  fat- 
globnles,  which  give  it  a  milky  appearance;  hence  the  old  name  '*  lacteal 
fluid." 

Chyle  and  lymph,  like  the  plasma,  contain  seralbumin,  serghhuUn^ 
fibrinogen,  and  fihrin-fermmt.  The  two  last-mentioned  bodies  occnr  only 
in  Tery  small  amounts;  therefore  the  chyle  and  lymph  coagulate  slowly  (bnt 
spontaneously)  and  yield  but  little  fibrin.  Like  other  liquids  poor  in  fibrin- 
lerment,  chyle  and  lymph  do  not  at  once  coagulate  completely,  but  repeated 
coagulations  take  place. 

The  extractive  bodies  seem  to  be  the  same  as  in  plasma.  Sugar  is 
found  in  about  the  same  quantity  aa  in  the  blood-serum,  bnt  in  larger 
quantities  than  in  the  blood;  this  depends  on  the  fact  that  the  blood- 
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corpuscles  conUin  no  eogar.  The  ghjcogen  detected  by  Dastre»  in  the 
lymph  occars  only  in  tlie  leococytes.  According  to  Rohmann  and  BuL 
lympb  contains  a  diastatic  enzyme  similar  to  that  in  blood -plasma,  and 
Lepine'  hae  foond  that  the  chyle  of  a  digesting  dog  has  great  glycolytic 
activity.  The  amonnt  of  urea  lias  been  determined  by  Wurtz'  as 
0.12-0,28  p.  m.     The  mineral  bodies  appear  to  be  the  same  as  in  plasma. 

Ab  form-elementa  hucocyics  and  red  Mood-corpusdes  are  common  to  both 
chyle  and  lymph.  Chyle  in  fasting  animals  has  the  appearance  of  lymph. 
After  fatty  food  it  is,  on  the  contrary,  milky,  due  partly  to  amall  fat- 
globules,  as  in  milk,  and  partly,  to  greatest  extent,  to  finely  divided  fat. 
The  nature  of  the  fat  occurring  in  chyle  is  dne  to  the  variety  eiiating  in 
the  food.  The  disproportionately  greater  part  consists  of  neutral  fat,  and 
even  after  feeding  with  large  iiuantities  of  free  fatty  acids  Munk  *  fonnd 
that  the  chyle  contained  chiefly  neotral  fat  with  only  small  amonuts  of  fatty 
acids  or  soaps. 

The  gases  of  the  chyle  have  not  been  studied,  and  it  seems  that  the' 
gaaes  of  an  entirely  normal  human  lymph  have  not  thus  far  been  investi- 
gated.    The  gases  from   dog-lymph    contain   only  traces   of  oxygen  and 
consist  of  37.4-53.1^  CO,  and  l.O^N  calculated  at  0°  0.  and  TOO  mm. 
mercury.     The  chief  mass  of  the  carbon  dioxide  of  the  lymph  seems  to  be^ 
firmly  chemically  combined.     Comparative  analyses  of  blood  and   lymph  ■ 
have  shown  that  the  lymph  contains  more  carbon  dioxide  than  arterial »  bat 
less  than  venous,  blood.     The  tension  of  the  carbon  dioxide  of  Ivmph  i8» 
according  to  Pflugeh  and  STitAt^sitURG,*  smaller  than  in  venous,  bnt  greater 
than  in  arterial,  blood. 

The  quantitaiive  composition  of  the  chgh  must  naturally  be  very  variable. 
The  analyses  thtis  far  made  refer  only  to  that  mixture  of  cliyle  and  lymph 
which  is  obtained  from  the  thoracic  duct.  The  speciiic  gravity  Taries 
between  1.007  and  1.043.  As  example  of  the  composition  of  human  chylo 
we  will  here  give  two  analyses.  The  first  is  by  Owek-Hees,  of  the  chyle 
of  an  executed  person,  and  the  second  by  Hofpe-Sryler,*  of  the  chyle  in 
a  case  of  rupture  of  the  thoracic  duct.  In  the  latter  case  the  fibrin  bad 
previously  separated.     The  results  are  in  1000  parts. 
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»  Compt.  rend,  dc  Soc.  Mol.,  Tome  17,  aud  Compt.  rend..  120;  Arch  de  Pliysiol.  (5),  7. 
'  R<ibmanii  and  Blal,   PflQger*«  Arclk,  Bdd.  53»  58,  and  55;  Leplne,  Compt.  rend.J 
Tome  110. 

*  Com  pi.  rcud, ,  Tome  40. 

*  Vircliow's  Arch.,  Bdd.  80  and  123. 
^  IlammarsteD,  "  Die  Gase  der  Iluiidelymphe/*  Arbehen  am  d.  pliyaloL  Auslalt  zaj 

Leipzig*  1871  ;  Strassburg.  PflUgefs  Arch. ,  Bd.  6. 

*  Owen-Kees,  cited  from  Hoppo-Seyler's  Piiysiol.  Chem.,  8,  695 ;    Hoppe^Seyler*  I 
ibid,,  8.  697. 
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No.  1.  No,  2. 

Water. 904.8  940,72  water 

Solida 95.2  59.28  solids 

Fibrin..,. tmccs 

Albumiu 70.8  36.67  albumin 

Pat,. 9.2  7.28fat 

2.85  soaps 
rO.S3  leclthla 

lieBialoiog organic  bodies      10.8  L?^  Sffitx^^^^^ 

[o,58  wfilcr  extractives 
Q^i,  .  .  ( 6.80  soluble  salts 

°^^ * ^^  I0.S5  insoluble  salts 

The  qtiaiitity  of  fat  is  very  variable  and  may  be  coneiderably  increased 
by  partaking  food  rich  in  fats.     I.  Munk  and  A.  Kohenstein  '  have  inves- 
^tigated  the  lymph  or  chyle  obtained  from  a  lymph  fistnla  at  the  end  of  the 
'upper  third  of  the  leg  of  a  girl  18  yeurs  old  and  weighing  GO  kg*,  and  the 
highest  quantity  of  fat  in  the  chylous  lymph  was  47  p.  m.  after  partaking 
^of  fat.     In  the  starvation  lymph  from  the  same  patient  they  found  only 
^0.6-^*6  p.  m.  fat*     The  qoantity  of  soaps  was  always  small,  and  on  partak- 
ing of  41  gm.  fat  the  quantity  of  soaps  was  only  abont  ^  of  the  neutral 
fata. 

A  great  many  analyses  of  chyle  from  animals  have  been  made,  and  they 
chiefly  show  the  fact  that  the  chyle  is  a  liquid  with  a  very  changeablo  com- 
position which  stands  closely  related  to  blood-plasma,  but  with  the  chief 
difference  that  it  contains  more  fat  and  less  solids.  The  reader  is  referred 
to  special  works  for  these  analyses,  as,  for  examplej  to  v.  Gorup-Besaxez*3 
I**  Lehrbuch  der  physiologischen  Chemie,"  4th  edition. 

The  composition  of  the  lymph  m  also  very  changeable,  and  its  specific 
gravity  shows  about  the  same  variation  iis  the  chyle.  In  the  following 
analyses,  1  and  2,  made  by  Oubler  and  Quetenke,  are  the  resnlts 
obtained  from  lymph  from  the  npper  part  of  the  thigh  of  a  woman  aged  39; 
and  3v  made  by  v.  Scuereb,  is  an  analysis  of  lymph  from  the  sac-like 
dilated  lymphatic  vessels  of  the  spermatic  cord.  No.  4  was  made  by 
C.  ScnMiDT,'  the  data  being  obtained  from  lymph  from  the  neck  of  a  colt. 
The  reanlts  are  in  parts  per  1000. 

12                8  4 

Water. ...9399  934,8  967,0  955.4 

iBolids 60.1  65.2  42,4  44.6 

^Fibrin 0.5  0.6              0.4  2.2 

Albumin 42.7  42.8  34.7) 

Fat,  cbolesterin,  lecithin 3.8  9.2  [  35,0 

ExiraclivebcMiiefl , ..      5.7  4.4  .<•*) 

Salts ..,., 7.8  8.2               7.2  7.5 

1  Vircbow'g  Arcli.,  Bd.  123. 

*  Gubler  and  Quevenne,  cited  from  Hoppe-Seyler's  Pbyiiol.  Chem.,  B»  591 ;  Stheref 
<Wa.,  8.  591  i  C.  Schmidt,  ibid.,  S.  592. 


1S6  CHYLE,  LTMPH,  TEANBUDATI0N8  AlfD  EXUDATIONS, 

The  salts  fonnd  bj  C*   Schmidt  in  the  lymph  of  the  hora^  has  th« 

following  coinpoaition,  calculated  in  parts  per  1000  parts  of  the  Ijmph: 

Sodium  cliloride. *  *  5.67 

Soda 1.27 

Potasb , ..  0. 16 

Sulplairic  acid , 0.09 

Fliospboric  acid  united  with  alkalies. 0.02 

Eartliy  phoBplidtes. ...   — . . . .   ....*...,.  0.36 

Ie  the  cases  investigated  by  Munk  and  Rosenstein  the  qaantityd 
solids  in  the  fasting  cooditioa  varied  between  35.7  and  57.2  p.  m.  Thii 
▼ariation  was  essentially  dependent  upon  the  extent  of  Becretion,  go  that  th« 
low  amount  coincides  with  a  more  active  secretion,  and  the  reverse  in  tli« 
other  case.  The  chief  portion  of  the  solids  consisted  of  proteids,  and  the 
relationship  between  globotin  and  albumin  was  as  1  :  %A  to  4.  The  mineral 
bodies  in  1000  parts  lymph  (chylous)  was:  NaCl  5.83;  Xa,0O,  2.17; 
K,HPO,  0.28;  Ca,(PO;),  0.28;  Mg,(POJ,  0.09;  and  Fe(POj  0.025. 

Under  special  conditions  the  lymph  may  be  so  rich  in  finely  divided  fat 
that  it  appears  like  ckyle.  8uch  lymph  has  been  investigated  by  IIexsin 
in  a  case  of  lymph  fistula  in  a  ten-year-old  boy,  and  by  Lang  ^  in  a  case  ot 
lymph  fistula  in  the  left  upper  part  of  the  thigh  of  a  girl  of  seventeen. 
The  lymph  investigated  by  Hexse^"  varied  in  the  quantity  of  fat,  as  an 
average  of  nineteen  analyses,  between  2.8  and  3G.9  p.  m,,  while  that  in?ea-  \ 
tigated  by  Lako  contained  24*8  p.  m.  of  fat.  ■ 

The  quantity  of  lymph  secreted  must  naturally  change  considerably  " 
nnder  various  conditions,  and  we  have  no  means  of  measuring  it.  The 
greatness  of  the  flow  of  lymph  is,  aa  Heidenhain  '  snggeats,  no  measure 
of  the  abundance  of  supply  of  nutritive  material  to  the  organs,  and  the 
lymph- tubes  act  according  to  him  as  ''  drain- tubes,"  removing  th^  exceu 
of  fluid  from  the  lymph- fissures  as  soon  as  the  presBure  therein  rises  to  a 
certain  height.  Attempts  have  been  made  to  determine  the  quantity  of 
lymph  flowing  in  24  hours  in  the  thoracic  duct  of  animals.  According  to 
Heidenhain  the  quantity  averages  640  c.c.  for  a  dog  weighing  10  kilos. 

Determinations  of  the  quantity  of  lymph  in  man  have  also  been 
attempted.  Noel- Pa  ton  '  obtained  1  c.c.  lymph  per  minute  from  the 
severed  thoracic  duct  of  a  patient  weighing  60  kilos.  The  quantity  in  the 
24  hours  cannot  be  calculated  from  this  amount.  In  the  case  of  Muxk  and 
EosBNSTEiN,  1134-1372  gm.  chyle  was  collected  in  12-13  hoars  after 
partaking  of  food.  In  the  fasting  condition  or  after  starving  for  18  hoars 
they  found  50  to  70  gm.  per  hour,  sometimes  120  gm.  and  above,  especially 
in  the  first  lew  hours  after  powerful  mascnlar  exercise. 

Several  circumstances  have  a  marked  inflnence  on  the  extent  of  lymph 


1  Henseii,  POQger'a  Arch..  Bd.  10;  LftQgr  see  Haly'a  Jalireaber.,  6d.  4. 
*  PflUger'a  Arcb.,  Bd.  49. 
»  Joum.  of  Physiol. »  Vol.  11. 
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tecrfiion.  During  starTation  less  lymph  is  secreted  than  after  partaking 
of  food.  Nasse  *  has  observed  in  dogs  that  the  formation  of  1  jmph  is 
increased  36^  more  after  feeding  with  meat  than  after  feeding  with 
potatoes,  and  about  64*^  more  tlian  after  24  honrs'  deprivation  of  food. 

An  increase  in  the  total  blood -pressure,  as  by  transfusion  of  blood,  also 
wpwiaDy  on  preventing  the  flow  of  blood  by  means  of  ligatures,  causes  an 
iooreaee  in  the  quantity  of  lymph.  According  to  Heidexiiain,  on  the 
contrary,  a  very  considerable  change  in  the  preFSure  in  the  aorta  causes  only 
dittle  change  in  the  abundance  of  the  lymph-flow.  The  quantity  of  lymph 
ij  be  raised  bj  powerful  active  and  passive  movements  of  the  limbs 
;).  Under  the  action  of  curara  an  increase  of  the  lym]>h-secretion 
(observed  (Paschctik,  Lesser'),  and  the  quantity  of  solids  in  the  lymph 
tAJio  inct^eased. 

In  the  past  the  formation  of  lymph  was  explained  in  a  purely  physical 

my  by  the  united  action  of  filtration  from   the  blood   and   the  osmosis 

Iietireeo  the  blood  and  tissue  fluid.     Later  IlEiDEXHAiy  and  IlAMBrRGEH ' 

Mcnbe  a  special  activity  to  the  capillary  endothelium   in    that  they  take 

part  in  the  formation  of  lymph  in  a  secretory  manner. 

According  to  Heidenhaix  there  are  two  different  means  of  inciting 
]ymph*flow.  They  are  called  lymphagogtus*  The  lymphagogues  of  the 
first  series — extracts  of  crab-muscles,  blood-leech,  anodoos,  liver  and  integ- 
tine  of  dogs,  as  well  as  peptone  aud  eg^  alhtmiin — cause  an  increased  secre- 
tion of  lymph  without  raising  the  blood-pressure,  and  in  this  way  the 
blood -plasma  becomes  poorer  in  proteids  and  the  lymph  richer  than  before- 
For  the  formation  of  this  lymph,  which  Heidexitain  designates  blood- 
lymph,  we  must  admit  with  him  of  a  special  secretory  activity  of  the 
capillary-wall  endothelium.  According  to  Starling,  on  the  contrary,  the 
constitution  of  the  lymph  is  dependent,  in  these  cases,  npon  an  increased 
formation  under  the  infl^uence  of  these  bodies  of  ]iver*lymph,  which  is  very 
rich  in  solids*  The  above-mentioned  lymphagogues,  according  to  him,  do 
not  excite  the  endothelium  cells  to  secretion,  bat  act  more  likely  as  a  toxic 
irritant,  which  increases  the  permeability  of  the  vascular  walL 

The  lymphagogues  of  the  second  series,  such  as  sugar,  urea,  sodium 
chloride,  and  other  salts,  also  cause  an  abundant  lympli-formation.  Th^ 
blood,  as  well  as  the  lymph,  thereby  becomes  richer  in  water.  This  increased 
amount  of  water  depends,  according  to  Heidenhaix,  upon  an  increased 
delivery  of  water  by  the  tissue-elements,  and  this  lymph  is  chiefly  tissne- 

•  Cited  from  Hoppe-8eykr.  Physiol.  Chem.,  8*  593* 

•  Lesser,  Arbeiten  aua  der  pbysioL  Aostalt  zu  Leipzig*  Jubrgaog  5 ;  Paschutin, 
im,,  7. 

•  Hcidenhain.  1.  c,  i  Hamburger.  ZelUcbr.  f»  Biologie,  Bdd,  27  and  30,  See  especially 
Zicgler's  Beltr.  zwt  patb*  u,  zur  allg.  Pittbol*  Bd.  14,  8.  448 ;  als^  Du  Boia-HeymoDd's 
Ar«b.,  1S95  aDd  1807. 
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lymph,  according  to  him.  Diffasion  is  no  doubt  of  great  importaoce  in 
the  formation  of  this  lymph,  but  the  secretory  activity  of  the  endothermm 
18  al30  of  importance  at  least  for  certain  bodies,  Buch  as  sugar. 

Several  investigators,  among  whom  SxARLiNCt  and  Cohxsteik*  muit 
be  specially  mentioned,  contest  the  secretion  theory  and  advocate  the 
older  view.  This  question  is  still  disputed,  but  nevertheless  experience 
shows  that  the  pbyBical  forces,  filtration  and  osmosifi,  are  not  alone  enfficieDt 
to  explain  the  formation  of  lymph. 


II.  TraiiBiiclatloiifK  and  Exiidations. 

The  serous  membranes  are  normally  kept  moistened  by  liqaids  whose  1 
qnantity  is  only  saflicient  in  a  few  inBtances,  as  in  the  pericardial  cavity 
and  the  sabarachnoidal  space,  for  a  complete  chemical  analysis  to  be  made 
of  them.  Under  diseased  conditions  an  abundant  transudation  may  take 
place  from  the  blood  into  the  seroaa  cavities,  into  the  subcutatieous  tissoes, 
or  nnder  the  epidermis;  and  in  this  way  pathological  transudations  are 
formed.  Such  true  transudations,  which  are  similar  to  lymph,  are 
generally  poor  in  form-elements  and  leucocytes,  and  yield  only  very  little 
or  almost  no  fibrin,  while  the  inflammatory  transndations,  the  so-called 
exudations,  are  generally  rich  in  leucocytes  and  yield  proportionally  more 
fibrin.  As  a  role,  the  richer  a  transudation  is  in  leucocytes  the  closer"  it 
Btande  to  pus,  while  when  it  lias  a  diminished  quantity  of  leucocytes  it  is 
more  nearly  like  real  transudations  or  lymph.  fl 

It  is  ordinarily  accepted  that  filtration  is  of  the  greatest  importance  ia™ 
the  formation  of  transudations  and  exudations.  The  facts  coincide  with 
this  view,  namely,  that  all  these  fluids  contain  the  salts  and  extractive 
bodies  occurring  in  the  blood-plasma  in  about  the  same  quantity  as  the 
blood-plaema,  while  the  amount  of  proteids  is  habitually  smaller.  While 
the  diiferent  fluids  belonging  to  this  group  have  about  the  same  quantities 
of  salts  and  extractive  bodies,  they  differ  from  each  other  chiefiy  in  contain* 
ing  differing  quantities  of  proteid  and  form -elements,  as  well  as  varying 
quantities  of  transformation  and  decomposition  prodacts  of  these  latter — 
changed  blood-coloring  matters,  choleaterin,  etc.,  etc. 

It  must  be  apparent  that  the  circulation  and  pressure  conditions  hare 
an  essential  influence  oil  the  quantity  and  composition  of  the  transudations^ 
but  their  action  has  been  little  studied;  one  thing,  however,  is  certain^ 
and  that  is  tliat  the  condition,  as  long  as  the  vaficular  wall  is  healthj 
different  from  when  the  capillary  wall  is  changed. 


ay.  IS 

m 


»  See  Sfearflug^  Jourii.  of  Physiol..  Vols.  16.  17,  18.  aud  19;  Cohnsteia,  Virchow's 
Arch,,  Bd.  135,  and  PflQger*8  Arch.,  Bdd,  59.  60,  63,  and  §3.  See  also  LeatUes,  Journal 
of  Physiol,  Vols.  18  and  19  :  OHow,  Pfltlger'fl  Arch,,  Bd.  69  ;  Latarus-Bsrlow,  Jouru&l_ 
of  PhyaioU,  Vol.  19  :  Asher  and  Barbera,  Zeiiachr.  L  Biologie,  Bd.  86, 
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The  changed  permeability  of  tbe  capillary  walla  in  disease,  m  snggested 
[by  ConKflEiM,'  is  a  second  important  factor  in  tire  formation  of  transn- 
(dations.  The  circa metance  that  the  greatest  quantity  of  proteid  occura 
in  traDsndations  in  inflanmjntorv  processes,  to  which  is  aleo  dne  the 
abnndant  quantity  of  form-elementa  in  such  transudations,  has  heen 
explained  by  this  hypotheais.  The  greater  quantity  of  proteid  in  the 
transudations  in  formative  irritation  is  in  great  part  explained  by  the  large 
ajnount  of  destroyed  fonn*elementa.  The  interesting  observation  made  by 
Pai.tkull,^  that  in  such  cases  in  which  an  inflammatory  irritation  has 
taken  place  the  flnid  contains  nncleoalbomin  (or  nacleoproteids  ?),  while 
these  substances  do  not  occur  in  transudations  in  the  absence  of  inflamma- 
tory processes,  can  be  explained  by  the  presence  of  form-elements. 

As  the  secretory  importance  of  the  capillary  endothelinm  lias  been  made 
probable  by  the  investigations  of  Heidenitain  and  Hamburger,  it  is 
a  priori  to  be  expected  that  an  abnormally  increased  secretory  activity  of  tlie 
endothelium  is  a  third  canse  of  transudations.  Certain  observations  of 
Hamburger  in  a  case  of  dropsy,'  in  which  the  transudation  was  probably 
produced  by  the  lymph-exciting  action  of  a  metabolic  product  formed  by  a 
bacterium,  speak  for  the  correctness  of  this  assumption.  llAiiHrRtfER 
therefore  considers  tbe  irritation  of  the  endothelium  of  the  capillaries  by 
means  of  a  special  substance  exciting  lynjph-flow  and  formed  in  disease  aa 
a  third  cause  of  the  transudations.  The  question  whether  this  substance 
acts  in  a  secrefcorr  manner  in  IlEiDExnAiN's  sense  or  increases  the  per- 
meability in  Starling's  sense  must  be  proved. 

The  varying  quantities  of  proteid  observed  by  C.  Schmidt*  in  the 
tissue-fluids  in  different  vascular  regions  can  perhaps  be  explained  by  the 
different  condition  of  the  capillary  endothelium.  For  example,  the  amount 
of  proteid  in  the  pericardial,  PLErKAL,  and  peritoneal  fluids  is  con- 
siderably greater  than  in  those  fluids  which  are  found  in  the  bub-aracit- 
KoiDAL  SPACE,  iu  the  subcutaneous  tissces,  or  in  the  aqueous  jiumor, 
which  are  poor  in  proteid.  The  conditiou  of  the  blood  also  greatly  affects 
the  transudations,  for  in  hydra^mia  the  amount  of  proteid  in  the  transuda- 
tion is  very  smalL  With  the  increase  of  the  age  of  a  transudation,  of  a 
hydrocele  fluid  for  instance,  the  quantity  of  proteid  is  increased,  probably 
by  resorption  of  water,  and  Indeed  exceptional  cases  may  occur  in  which 
the  amount  of  proteid,  without  any  previous  hemorrhage,  is  even  greater 
than  in  the  blood- serum. 
I  The  proteids  of  transudations  are  chiefly  seralbuniin,  serglobulin,  and  a 
little  fibrinogen.     Albomoses  and  peptones  do  not  occur,  with  perhaps  the 


*  Cohnheim,  Vorlesungen  Dbtr  al!g.  Patb  ,  2.  Aufl.,  Part  1. 

«  Upiala  Lakarefa.  FGrhantlL,  BiL  27,  oud  Mtdy's  J»*liresb«r,.  Bd.  22. 

•  Se«  Ziegler'^  Beifrftge.  B«l.  14, 

<  Cit.  from  Hoppe-Seyler'a  PbysioL  Chem..  p.  607. 
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cerebrospinal  fltiid  as  exoeption.  The  non-inflammatorj  tranfindations  do 
not  as  a  role  coagulate  spontaneously,  or  very  slowly.  On  the  addition  of 
blood  or  blood-serum  they  coagulate.  Inflammatory  exodatlons  coagulate 
spontaneously.  Paijkull  has  shown  that  these  often  contain  nncleo- 
albumin.  Mucoid  substances,  which  were  first  observed  by  Hammarstex 
in  a  few  cases  of  ascites,  without  complication  with  ovarlal  tumors,  eeem^ 
according  to  Paijkiill,  to  be  regolar  constituents  of  transudations.  The 
relationship  between  globulin  and  seralbumin  varies  very  much  in  different 
cases,  but,  as  Hoffmann  and  Pigeaud*  have  shown,  the  variation  is  in 
each  case  the  same  as  the  blood -serum  of  the  individnal. 

The  specific  gravity  rnns  rather  parallel  with  the  quantity  of  proteid* 
The  varying  specific  gravity  has  been  suggested  as  a  means  of  differentiation 
between  transudations  and  exudations  by  Keuss/  as  the  first  often  show  a 
specific  gravity  below  1015-1010,  while  the  others  have  a  specific  gravity 
of  1018  or  above.     This  rule  holds  good  in  many  but  not  in  all  cases. 

The  gases  of  the  transudations  consist  of  carbon  dioxide  besides  smaU 
amounts  of  nitrogen  and  traces  of  oxygen.  The  tension  of  the  carbon 
dioxide  is  greater  in  the  transudations  than  in  the  blood.  When  mixed 
with  pas  the  amount  ot  carbon  dioxide  is  decreased. 

The  extractives  are,  as  above  stated,  the  same  as  in  the  blood- plasma; 
but  sometimes  extractive  bodies  occur,  such  as  aUantoin  in  dropsical  fluids 
(Moscatelli '),  which  have  not  been  detected  in  the  blood.  TV^a  seems 
to  occur  in  very  variable  amonnts.  Sugar  also  occurs  in  transadations^  bat 
we  do  not  know  to  what  extent  the  reducing  power  is  due,  as  in  blood- 
serum,  to  other  bodies.  A  reducing,  non-fermentable  substance  has  been 
foQnd  by  Pickardt  In  transudations.  The  sugar  is  generally  glooofie, 
according  to  Pickardt,*  bat  levnlose  seems  to  occur  in  several  cases, 
Sarcolaetic  acid  has  been  found  by  C*  Kulx  '  in  the  pericardial  fin  id  from 
oxen.  Succinic  acid  has  been  found  in  a  few  cases  in  hydrocele  fluidsJ 
while  in  other  cases  it  is  entirely  absent.  Leucin  and  tyros  in  have  been 
found  In  transudations  from  diseased  livers  and  in  pus-like  trans ndationa  ' 
which  have  undergone  decomposition.  Among  other  extractives  fonnd  in 
transudations  we  must  mention  ttric  acidy  xanthin  creating  inosit^  and 
pyrocafechin  (?). 

As  above  stated,  irrespective  of  the  varying  number  of  form-elements 


'  Pftijkull,  1.  c;  HammarsteUp  Zeltschr.  f.  pliysiol.  Cbem.,  Btl.  15;  Hoffmaou,  Arch* 
f.  ejtp.  Path.  u.  Pbarm.,  Bd.  16  ;  Pigeaud,  sec  Maly's  Jabreaber..  Bd,  16, 

*  Reufw,  DeutacU.  Arch.  f.  kiln.  Med..  Bd,  28;  see  also  Otto,  Zeitschr.  f.  Heilkuode^ 
Bd.  17.  M 

»  Zehscbr.  f.  pbyaiol.  Cbem.,  Bd.  13.  " 

*  Berl.  kiln.  Wochenscbr.,  1897.     See  also  Rotmanu,  MGnch.  med.  Wocheoachr., 
1898. 

*  Zdtscb,  f.  Bittlogk,  Bd.  32. 
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*  contained  in  the  dllterent  transtidations,  the  qnantity  of  proteid  ie  the  most 
characteristic  chemical  distinction  in  the  composition  of  the  Tarioas  trans- 
ndations;  therefore  a  qnantitatiTe  analysis  is  only  of  importance  in  so  far 
as  it  considers  the  quantity  of  proteid.  On  this  acconnt,  in  the  following 
quantitative  composition,  chief  stress  will  be  pnt  on  the  quantity  of  proteid. 

.  Pericardial  Fluid.  The  quantity  of  this  fin  id  is  also,  under  certain 
physiological  conditions,  so  large  that  a  sofficient  quantity  for  chemical 
investigation  was  obtained  from  a  person  who  had  been  executeil.  This 
fluid  is  lemon-jenow  in  color,  somewhat  sticky,  and  yields  more  fihr in  than 
other  transudations.  The  amount  of  solids,  according  to  the  analyses  per- 
formed by  T.  Gorup-Besanez,  Wachsmuth,  and  Hoppe-Seyler,'  is 
37.5-44.9  p.  m.,  and  the  amount  of  proteid  is  22.S-*24.7  p.m.  The  analysis 
made  by  the  authoe  of  a  fresh  pericardial  fluid  from  a  young  man  who 
had  been  executed  yielded  the  following  results,  calculated  in  1000  parts  by 
weight: 

Water 960.65 

Bolida 39.15 


I  FibHn 0,81 

Protcids 28.60-;  GlobuliD  .. . , ,     5.% 

22.34 

7.28 


Boluble  fialU. . , « . . 

Insoluble  aalta  . . . . 
Extractive  bodies. 


( Albiimia  . 

SM  -JKaCl. 

0.15 
3.00 


H  Friend'  has  found  nearly  the  same  compoBition  for  a  pericardial  fluid 
"  from  a  horse,  with  the  exception  that  this  liquid  was  relatiirely  richer  in 
globulin.  The  ordinary  statement  that  pericardial  fluids  are  richer  in 
fibrinogen  than  other  transudations  is  hardly  based  on  sufficient  proof.  In 
a  case  of  chylopericardium,  which  was  probably  due  to  tlie  rupture  of  a 
chylna  veesel  or  caused  by  a  capillary  exudation  of  chyle  because  of 
stoppage,  Hasebrokk'  found  in  1000  parts  of  the  analyzed  fluid  103. Gl 
parts  solids,  73.79  albuminous  bodies,  10.77  fat,  3.34  cholesterin,  1.77 
lecithin,  and  9.34  salts. 

»The  pleural  fluid  occurs  under  physiological  conditions  in  such  small 
quantities  that  a  chemical  analysis  of  the  same  cannot  be  made.  Under 
pathological  conditions  this  fluid  may  show  very  variable  properties.  In 
certain  cases  it  is  nearly  serous,  in  others  again  sero-librinous,  and  in  others 
similar  to  pus.  There  is  a  corresponding  variation  in  the  specific  gravity 
and  the  properties  in  general.  If  a  pus*] ike  exudation  is  kept  closed  for  a 
long  time  in  the  pleural  cavity,  a  more  or  less  complete  maceration  and 
solution  of  the  pos-corpuscles  is  found  to  take  place.    The  ejected  yellowish- 

*  v.  Goriip'Besanez,  Lcbrbuch  d.  pliyslol.  Cliera.,  4.  Aufl.,  8.  401;  WncbHmuth, 
Vlrchow'a  Arch.,  Bd.  7  ;  Hoppe-Seyler.  Pliyaiol  Cbem. ,  S.  605. 

*  Halliburton,  Text-book  of  Cliem.  Pbysiol,  etc.     Loodon,  1891.     P*  347. 
•Zeltschr.  f.  physlol.  Ciiem..  Bd,  12- 
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brown  or  greenish  flnid  maj  then  be  as  rich  in  solids  aa  the  blood-seram; 
and  an  abundant  floccnlent  precipitate  of  a  nucleoalbamin  (the  /jym  of 
early  writers)  may  be  obtained  oe  the  addition  of  acetic  acid.  This  precipi- 
tate is  soluble  with  ditticnlty  in  an  excess  of  acetic  acid, 

NnnierouB  analyses,  by  many  iDvestigators,'  of  the  qoantitatiTe  compoei- 
tion  of  plenral  flnids  nnder  pathological  conditions  are  at  hand.  From 
these  analyses  we  learn  that  in  hydrothorax  the  specifia  gravity  is  lower  and 
the  qnantity  of  proteid  less  than  in  plearitis.  In  the  first  case  the  specific 
gravity  is  generally  less  than  1015,  and  the  qnantity  of  proteid  IO-40 
p.  m.  In  acute  pleuritis  the  specific  gravity  is  generally  higher  than  10*20, 
and  the  quantity  of  proteid  30-G5  p.  m.  The  quantity  of  fibrinogen, 
which  in  hydrothorax  is  about  0.1  p.m.,  may  amount  to  more  than  1  p,  m. 
in  pleuritis.  In  pleurisy  with  an  abundant  gathering  of  pus  the  apecific 
gravity  may  rise  even  to  1030»  according  to  the  observations  of  the  acthoe. 
The  quantity  of  solids  is  often  00-70  p.  m.,  and  may  be  even  more  than 
90-100  p.  m.  (autitoh).  Mucoid  Bubstances  have  also  been  detected  in 
pleural  litiids  by  P*aijkull.  Cases  of  chylous  plenrisy  are  also  known;  in 
such  a  case  Mehu  *  fonnd  17.93  p.  m.  fat  and  cbolesterin  in  the  fluid. 

The  quantity  of  peritoneal  fluid  is  yerj  small  under  physiological  condi- 
tions. The  investigations  refer  only  to  the  fluid  nnder  diseased  conditions 
(dropsical  or  ascitic  JIuid),  The  color,  transparency,  and  consistency  ol 
tliese  may  vary  greatly. 

lu  cachectic  conditions  or  a  hydraemic  condition  of  the  blood  the  flnidi 
has  little  color,  is  milky,  opalescent^  watery,  does  not  coagulate  spon^ 
taoeonsly,  has  a  very  low  specific  gravity,  1005-1010-1015,  and  is  nearly 
free  from  form -elements.  The  ascitic  fluid  in  portal  stagnation, 
generally  iu  venous  stagnation,  has  a  low  specific  gravity  and  ordinarily  1 
than  20  p.  m.  proteid,  although  in  certain  cases  the  quantity  of  proteid 
may  rise  to  35  p.  m.  In  carcinomatous  peritonitis  it  may  have  a  cloudy, 
dirty-gray  appearance,  dne  to  its  richness  in  form-elements  of  various  kinds. 
The  specific  gravity  is  then  higher,  the  quantity  of  solids  greater,  and  it 
often  coagulates  spontaneously.  In  inflammatory  processes  it  is  straw*  otfl 
lemon-yellow  iu  color,  somewhat  cloudy  or  reddish,  dne  to  leucocytes  and 
red  blood -corpuscles,  and  from  great  richness  in  leucocytes  it  may  apppear 
more  tike  pus.  It  coagulates  spontaneously  and  may  be  relatively  richer  i: 
solids.  It  contains  regularly  30  p.  m.  or  more  proteid  (although  exceptiona; 
with  less  proteid  occur),  and  may  have  a  specific  gravity  of  1.030  or  above, 
By  rupture  of  a  chylous  vessel  the  dropsical  flnid  may  be  rich  in  very  finely 
emulsified  fat  (chylous  ascites).     In  such  cases  3,86-10.30  p.  m,  fat  has 


'  See  the  works  of  Mehti,  Ruoeberg^,  F.  IloJfraami*  Rouss,  Neucnkircliea,  all  of 
wliich  are  cited  In  Berobeini's  paper  io  Virchow'a  Arch*,  Bd.  131,  S.  274.  See  also 
Pftijkull,  I  c,  imd  HMllibiii  ton's  Tex**book,  p.  340. 

*  Arch,  geu.  dc  mM.,  1886,  Tome  2,  cited  from  Maly's  Jahrcsber.,  Bd.  18. 
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found  ill  the  drapsical  fluid  (Guikochet,  Uay '),  and  even,  17-48 
bas  been  found  by  Minkowski.     By  admixture  of  this  flaid  with 

»the  fluid  from  an  ovarian  cyst  it  may  sometimes  contain  psendoniucin  (sea 
Chapter  XIII)*  We  also  have  cases  in  which  the  aficitical  lluid  contains 
tnacoids  wliich  may  be  precipitated  by  alcohol  after  removal  of  the  proteids 
by  coagulation  at  boiling  temperatore*  Huch  Bub^tances,  which  yield  a 
reducing  substance  on  boiling  with  acids,  have  been  found  by  the  author  in 
H  tuberculous  peritonitis  and  in  cirrhosis  hepatis  sypliilitica  in  men»  Accord- 
B  $ng  to  the  investigations  of  Faijkuu.  '  these  substances  seem  to  occur  often 

and  perhaps  habitually  in  the  ascitic  fluids. 
^m        As  the  quantity  of  proteid  in  ascitic  fluids  is  dependent  upon  the  same 
0 eircnmstancea  as  in  other  traneudatioos  and  exudations,  it  is  sufficient  to 
give  the  following  example  of  the  composition,  taken  from  Bernheim's* 
treatise.     The  results  are  expressed  in  1000  parts  of  the  fluid: 

^^  Max.  Mill.  Mean. 

■  Cirrhosis  of  the  liver.... 84.5        5.6  9M^21M 

H  Bright '8  disease 16.tl  10.10  6.0    —  lO.aS 

^1  Tuberculous  Kod  Idiopathic  peritooitte , .  55.B  18.73  30.7    —  mM 

^P  Garcia  omatous  peritoiiitli 54.30  27.00  35 J    —  58.96 

Urat  htis  also  been  foumi  in  nHdlietil  fluids,  sorMetimes  only  rs  traces,  Boinetirnes  iii 
larger  quntititiea  (4  p.  m.  in  ttlbiimlourJa),  also  «rif  ftrid,  (tlUifiloin  in  cirrhosis  of  the 
llTer  (MoecATELLi),  xanihin,  creaHn,  choUHcrin,  and  »ugar. 

Hydrocele  and  Spermatocele  Fluids.  These  fluids  differ  from  each  other 
in  Tarious  ways.  The  hydrocele  fluids  are  generally  colored  light  or  darker 
yellow,  sometimes  brownish  with  a  shatle  of  groeo.  They  have  a  relatively 
higher  specific  gravity,  1.01G-L026,  with  a  variable  but  generally  higher 
mmoQut  of  solids,  an  average  of  CO  p,  m.  They  sometimes  coagulate 
spontaneously,  ecmetimea  only  after  the  addition  of  fibrin-ferment  or  blooil. 
They  contain  Imicocijtes  as  chief  form-elementa.  Soraetiraea  they  contain 
amaller  or  larger  amoants  of  choleshrin  crystals. 

The  spermatocele  fluids,  on  the  contrary,  are  as  a  rule  colorless,  thin, 
cloudy  like  water  mixed  witli  milk.  They  sometimes  have  an  acid  reaction. 
They  have  a  lower  specific  gravity,  l.OOC-1.010,  a  lower  amount  of  solidg — 
an  average  of  abont  13  p-  m,, — and  do  not  coagulate  either  Bpontaneously 
or  after  the  addition  of  hlood.  They  are,  as  a  rule,  poor  in  proteid  and 
contain  spemiatozoa^  ceU-detritn.'f^  and  fat-ffiobrtJes  as  form -constituents.  To 
show  the  unequal  composition  of  these  two  kinds  of  fluids  we  will  give  the 

Iiiverage  results  (calculated  in  parts  per  1000  parts  of  the  fluid)  of   17 
' ^ — ~^— 
*  Guitiocliet,  see  SlrmiBS,  Arch,  de  Pbyaiol.,  Tome  18.     See  Maly's  Jahreaber*.  Bd. 

le,  8.  475, 

^      •  L.  c. 

^B      '  L.  c.     An  il  wns  Impossible  to  derive  mean  tigurea  from  those  given  by  Berabcim* 
Uie  BUthor  hta^  given  alK)ve  the  maxtmiim  and  nUnimum  of  the  averages  given l)y  bim. 
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fiDAlyseB  of  hydrocele  fluids  and  4  of  fipermatocele  tltiids  made  by  IIam* 

MABSTEN.' 


986.83 
1817 

0.50 
1.62 


10.76 


Hydrocele. 

Water.. ,,.., 938.85 

Solids ..., ..,..     6L15 

Fibrin ..,.. 0  59 

Globulin .,,. 13.25 

Seralbumin ..     35.94 

Eiber  extraclive  bodies 4.02  ) 

Soluble  salts. 8.60  \ 

Insoluble  salla 0.66  J 

In  the  bydrocele  flnid  traces  of  utfn  and  a  reducing  fiubstanee  buve  been  found,  wd 
In  a  few  oaaeii  also  mrcifdc  (teiff  and  iuomt.  A  hydrocele  fluid  may .  according  to  DETit- 
LARD,'  sometimes  contain  paralbumin  or  metalbumin  (?).  Cases  of  cliylous  bydroctle 
are  also  ktiawn. 

Cerebro-ipinal  Fluid.  The  cerebro-spmal  fluid  is  tbin,  water-clear,  of 
low  specific  grairity,  1007-1008*  The  spina  bifida  fluid  is  very  poor  in 
Bolids»  8-10  p.  m,,  with  only  0.19-1.6  p.  m.  proteid.  The  fluid  of  chronic 
hydrocephalus  is  somewhat  richer  iti  solids  (13-19  p,  m,)  and  proteids* 
According  to  Halliburton'  the  proteids  of  the  cerebro-spiual  fluid  is& 
mixture  of  ^/o&«/ni  and  albumoses  ;  occasionally  eome  peptoue  occurs,  and 
more  rarely,  iu  special  casei,  ieralbumin  appears,  Nawratzki  *  has  shown 
the  presence  of  glucose  in  the  cerebro-spinal  fluid  from  the  calf  and  man, 
and  even  iu  amo tints  varying  between  0.46  and  0.56  p,  m.  Halliburtox'^ 
statement  as  to  the  ocK^tirrence  of  a  Bubstaiice  similar  to  pyrocatechiu  haa 
not  been  substantiated.  Nawkatzki  found  988.87  p.  m>  water  and  11. li 
p.  m.  solids  in  the  cerebro-spiual  fluid  from  the  calf.  Of  the  solids  8.1^' 
p.m.  was  inorganic,  0.23  p.  m.  proteid,  and  2.79  p.  ra.  remaining  organic 
scibstances.  The  older  statement  that  the  ce re bro- spinal  flnid  differs  from 
the  other  transudations  in  a  greater  wealth  of  potaasioni  salts  has  not  been 
confirmed  by  recent  investigations  of  Yvon/  IIallirltrton,  and  Naw* 
BATZKi.  According  to  Cavazzani  "  the  cerebro-spinal  flnid  is  more  alkaline 
and  richer  in  solids  in  the  morning  than  in  the  evening. 

Aqueous  Humor.  This  fluid  is  clear,  alkaline,  and  has  a  specific  gravity 
of  1.003-1.009.  The  amount  of  solids  is  on  an  average  13  p,  m.,  and  the 
amount  of  proteida  only  0.8-1.2  p.  m.  The  proteid  consists  of  seralbumin 
and  globulm  and  very  little  /^n"no^««.  According  to  GRUExnAOEN  liM 
contains  paralaciic  acid^  another  deztrogyrate  substance,  and  a  riducinff^ 
body  which  is  not  similar  to  glucose  or  deitrin,  Pautz  '  found  ur$a  and 
Extgar  in  the  aqneons  humor  of  oxen. 


«  Upaula  Lllkaref.  FOrh.,  Bd.  14.  and  Maly'a  Jahreaber.,  Bd.  8,  8.  847. 

*  Bull  soc.  chlra.,  Tome  49,  p.  617. 

*  Halliburton's  Textbook,  pp.  355-361. 
*Zeil8cbr.  f.  phyaiol.  Cbera.,  Bd.  23. 

*  Jounu  de  Pbarm.  et  de  Chim,  (4),  Tome  36. 

*  See  Maly's  Jahreaber.,  Bd.  22.  S,  346. 

^  Qrucnhageu,  FflUger's  Arcb.,  Bd.  43 ;  Pautz«  ZelUchr.  t  Biologie,  Bd.  31. 
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Biifter-fluid.  The  content  of  blisterB  catised  by  borna,  and  of  vesicator 
blisters  and  the  blisters  of  the  pmnphigtis  chronicKs^  is  generally  a  fluid 
rich  in  solids  and  proteids  (40-65  p,  m.).  This  is  especially  true  of  the 
contents  of  vesicatory  blisterH.  In  a  burn-blister  K.  Mouner  *  found  50.31 
p.  m.  proteids,  amoug  which  was  13.50  p.  m.  globulin  and  0.11  p.  m» 
fibrin.  The  fuid  contains  a  snbstance  which  reduces  copper  oxide  but  no 
pyrocatechin.     The  fluid  of  the  pemphigns  is  alkaline  in  reaction. 

The  fluid  of  subcutaneous  cedema*  This  is,  as  a  rule,  very  poor  in 
solids,  purely  serous,  does  not  contain  ibriuogen,  and  has  a  speciflc  gravity 
of  1,005-1.013.  The  quantity  of  proteids  is  In  moat  cases  lower  than  10 
p,  m,, — according  to  Hoffmann  1-S  p.  ni.,— and  in  seriouB  affections  of 
the  kidneys,  generally  with  amyloid  degeneration,  less  than  1  p.  m,  has 
been  shown  (Hoffmann').  The  oedema  fluid  also  habitually  contains 
urea^  1-2  p.  m.,  and  also  sugar* 

The  FLUID  OF  THE  TAPEWORM  cyst  IS  related  to  tbe  traBsudations  poor  ia  proteids. 
It  is  thin  and  colorless,  and  hn»  &  specilic  gmvliy  of  1.005-1.015.  The  quantity  of  solids 
Is  14-20  p.  m.  The  chemical  conalituenlB  are  migar  (2.5  p,  m,),  in*mt,  traces  of  ttr«», 
eraitifi,  succitdc  acid,  and  SttUa  (8.3-9.7  p,  m.)*  Proteids  are  only  fouml  in  traces,  and 
then  only  after  an  ititlanimatory  irrittitioD.  Id  the  tast-meDlioned  case  7.  p.  m.  proteids 
have  been  found  in  the  fluuL 

The  Synovial  Fltiid  and  Fluid  in  Synovial  Cavities  aroond  Joints,  etc* 
The  synovia  is  hardly  a  transudation,  but  it  is  often  treated  as  an  appendix 
to  the  transudations. 

The  synovia  is  an  alkaline,  sticky,  fibrous,  yellowish  flnid  which  ia 
cloudy,  from  the  presence  of  cell-nnclei  and  remains  of  destroyed  cells,  but 
is  also  sometimes  clear.  It  contains  also,  besides  proteids  and  salts,  a  sub- 
stance  similar  to  mucin  in  physical  properties.  The  nature  of  this  mucin- 
like  constituent  of  physiological  synovial  flttida  has  not  been  determined. 
Hamhahstex  has  found  a  niucin-like  subfltance  in  pathological  synovial 
fluid,  but  it  was  not  trae  mucin*  It  acts  like  a  nucleoalbumin  or  a 
Bucleoproteid,  and  gave  no  reducing  substance  when  boiled  with  acid. 
Salkowski  '  also  found  a  nincin-Itke  substance  in  a  pathological  synovial 
fluid,  which  was  neither  mucin  nor  nucleoalbumin.  He  called  the  sub- 
stance '*  tf^noinn.*' 

Tiie  composition  of  synovia  is  not  constant,  but  varies  in  rest  and  in 
motion.  In  the  last- mentioned  case  the  quantity  of  fluid  is  less,  but  the 
amount  of  the  mncln-like  body,  proteids,  and  of  the  extractive  bodies  ia 
greater,  while  the  quantity  of  salts  is  diminished.  This  may  be  seen  from 
the  following  analyses  by  Frerichs**    The  figures  represent  parts  per  1000. 


»  Skand   Arch.  f.  Pliyaiol.,  Bd.  5. 

•  Deiili^cb.  Arch-  f.  kliti.  Med  ,  Bd,  44, 

'  HammarsiLvn,  Maly's  Jabresber.»  Bd,  12;  Salkowaki,  Virchow's  Arch,,  Bd.  181, 

*  Waguer^s  HandwOrlerbuch.  Bd.  3.  Ablb.  1.  8.  463. 
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h  SfuotIa  fjram  H.  S3rnoti&  from 

0,  St&tl'fod  Ox.  A  Fielil'frd  Ojl 

Water 06fiJ  048.5 

Stilids. ,. .,     JJO.l  5h5 

Mii€iD-like  body ,      S,4  5.<J 

Albumin  and  extractivea. 15.7  85.1 

Fat 0.0  0.7 

Salts. , 11.8  9.9 

The  synovia  of  new-born  babes  corresponds  to  that  of  resting  animik 
The  fluid  of  the  bursa?  mucosse,  as  also  the  fluid  in  the  sjnonal  csvitiea 
around  joints,  etc.,  is  similar  to  aynoTia  from  a  qualitative  standpoint. 

III.  Pus. 

Pns  is  a  yellowish-gray  or  yellowish-green,  creamy  mass  of  a  faint  odor 
and  an  unsavory,  aweetish  taste.     It  consists  of  a  fluid,  the  pus- serum ^  in 
which  solid  particles,  the  pus-cells^  swim.     The  number  of  these  cells  varies 
BO  considerably  that  the  pus  may  at  one  time  be  thin  and  at  another  time 
so  thick  that  it  scarcely  contains  a  drop  of  serum.     The  specific  gravity,  J 
therefore,  may  also  greatly  vary,  namely,  between  1.020  and  1.040,  bntH 
ordinarily  it  is  1,031-1.033.    The  reaction  of  fresh  pns  is  generally  alkaline^  " 
but   it  may  become  neutral  or  acid  from  a  decomposition  in  which  fattj 
acids,  glycero-phosphoric  acid,  and  also  lactic  acid  are  formed.     It  may 
become  strongly  alkaline  when  putrefaction  occurs  with  che  formation  of 
ammonia. 

In  the  chemical  investigation  of  pus  the  pas-serum  and  the  pas-corpus- 
oles  must  be  studied  separately. 

Pua-serum,     Pus  does  not  coagulate  spontaneously  nor  after  the  addition 

of  deflbrinated  blood.     The  fluid  in  which  the  pus-corpaacles  are  suspended 

is  not  to  be  compared  with  the  plasma,  but  rather  with  the  seram.     The 

pus-serum  is  pale  yellow,  yellowish  green,  or  brownish  yellow,  and  has  an 

alkaline  reaction.     It  contains,  for  the  most  part,  the  same  constitnents  as 

the  blood-serum  J  but  sometimes  besides  these— when,  for  instance,  the  paa 

has  remained  in  the  body  for  a  long  time — it  contains  a  nncleoalbumin  or  a 

nucleoproteid  which  is  precipitated  by  acetic  acid  and  soluble  with  great 

difliculty  in  an  excess  of  the  acid  (pt/in  of  the  older  anthora).     This  nucleo- 

albumin  seems  to  be  formed  from  the  hyaline  substance  of  the  pus-cells  by 

maceration.     The  poa-serum  contains,  moreover,  at  least  in  many  caaeSi  na 

fibrin-ferment.     According  to  the  analyses   of  Hoppk-Seyler  *  the  pns- 

fiernm  contains  in  1000  parts:  ^ 

L  II. 

Water 913.7  905.65 

SoUda 86.8  94  85 

Piot«1d8 ,...     68  23  77.21 

LecHliio..... 1.50  0.56 

Flit 0.86  0.29 

CbnlesierlD 0.58  0.87 

Alcohol  eilractiTes 1,63  0.78 

Wilier  tjxtractivea  11.58  6.93 

luorgaulc  aalta 7.78  7.77 

I  Med.^b6m.  Untersucb..  8.  490. 


PUS,  vn 

Tlie  ash  of  pus'tenun  bai  tlie  following  composUioQ,  calculated  to  lOOO  |>Art8  of  the 
aerum : 

L  11. 

NaCI 6  02  6,80 

Na^SO* 0.40  0.31 

Nh^UPO* • .,..,  0.86  0.46 

Na,CO.  .,.. 0.40  1.13 

Ca,fPOJt  0.49  081 

We,(PO.), 040  0.13 

PU4  (in  excess). . . .  * * . .  .05 

The  pus-corpuscles  a^  generally  thought  to  consist  in  great  part  of 
emigrated  white  blood -corpuscles  (einigratiati  hypothesis),  uih!  thefr  chemi- 
ca]  properties  have  tlierefore  been  given  above.  Wo  consider  the  molecular 
grains,  fat-globnles^  and  red  blood-corpascles  rather  as  casual  form-etemeuts. 

The  pus'Cells  may  be  separated  from  the  senim  by  centrifagal  force,  or 
by  decantation  directly  or  after  dilution  with  a  solution  of  sodium  sulphate 
ID  water  (I  vol.  saturated  sodium-sulphate  solution  and  9  vols,  water),  and 
then  washed  by  this  same  solution  in  the  same  manner  as  the  blood- 
corpusclefi. 

The  chief  conetitnents  of  the  pus-corpascles  are  albnminons  bodies  of 
which  the  largest  proportion  seems  to  be  a  nucleoproteid  which  is  iosoloble 
in  water  and  which  expands  into  a  tough,  slimy  mass  when  treated  with  a 
10f(  Gommon-salt  solution.  This  proteid  substance,  which  is  soluble  in 
alkali  but  quickly  changed  thereby,  is  called  Rovidas'.s  hyaline  suhstancey 
and  the  property  of  the  pus  of  being  converted  into  a  slinie-like  mass  by  a 
iolntion  of  common  salt  depends  on  this  substance.     Besides  this  substance 

I  we  find  in  the  pus-cells  also  an  albuminous  body  which  coa^lates  at 
48-41»''  C-,  as  well  as  serghhulin  (?)y  semlbumin^  a  substance  srmilar  to 
coagulated    proteid    (Mieschek),  and    lastly  pepiona  or  albiimoee   (IIoF- 

MEISTEH  '). 

We  also  find  in  the  protoplasm  of  the  pus-cells,  besides  the  protelds, 

■  /f^t/Ain,  chohsferin^  mnflnn  bodies^  fatj  and  soaps,     Hoppe-Setler  has 

H^Mind  rerebrin^  a  deconiposiLion  product  of  a  protagon-Hke  substance,  in 

^^Sa  (see  Chapter  XII).     Kossel  and  Fkeytag'  Irave  isolated  from  pus  two 

Bubstances,  pyosin  and  pyogenin^  which  belong  to  the  cerebrin  group  (see 

I  Chapter  XII).  TIoppe-Seyler' claims  that  ylyeogeji  appears  only  in  the 
living,  contractile  white  blood-cells  and  not  in  the  dead  pne-corpuscles. 
Several  other  investigators  have  nevertheless  found  glycogen  in  pus.  The 
cell-nucleus  contains  uuclcin  and  nucleoproteids. 

The  viineral  constituents  of  the  pus-corpuscles  are  potassium,  sodinm, 
calcium,  magnesiam,  and  iron.  A  part  of  tbe  alkalies  exists  as  chlorides, 
and  the  remainder,  as  well  as  the  other  bases,  exists  as  phosphates. 

»'  Miescber  in  Hoppc-Beyler'a  Med*-cbem.  Uotersucb.,  8.  441  ;  Hofmdster,  Zeltscbr. 
I.  pbyMoJ.  Cliem  ,  Bd   4. 
•  fhid.,  Bil.  17,  8.  452. 
■  Hoppe-Seyler,  Pbysiol.  Chero.,  8.  700. 
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The  quantitative  compoBilion  of  the  pas-celle  from    the  analjSM  of 
Hoppe-Seyler  is  as  foUowSj  in  parts  per  1000  of  the  dried  siibstance: 

t  II. 

Proldds,.. ........ 13702) 

Nuclein.,.. 342.57  [686.815        mZM 

Insoluble  bodies... 205.(56) 

Leciibiti -I    i.QOQ  75.64 

Fat \   ^^^^  75.00 

Choleslerio 74.00  72.83 

Ctrebrin 5l.©9  )  iao  oi 

Extmctive  bodies 44.33 1  ^     ^ 

MINER  A  I.  StIBBTAWCKS  IN   1000  PARTS  OF  •THE  DRISD  SUBSTAlfCK. 

NfiCl ...,.  4.35 

CMPCMi.- 2.05 

MgtiPO,). 1.13 

FePO* 1.06 

PC.  ......;. 9,16 

Nft 0.6$ 

K lrac€»(?) 

MrESCHEii  baa  oblalned  otber  results  for  tbe  alkali  combiDiilions,  namely  :  potuiiniQ 
phospbale  12.  soditim  pbosphale  6J,  eartby  pbo«pbate  and  iron  phospbaie  4  2,  sodium 
chloride  1.4,  and  plioeplioric  acid  combloed  with  orgHOic  substances  3,14-2.03  p.  m. 

la  pui  from  congested  absceeseB  whicli  have  stagnated  for  some  time! 
find  peptone^  leucin^  and  tyrosine  free  falit/  fields^  and  volatile  fatty  ac 
iDOh  as  formic  acid,  butyric  acid,  Talerianio  acid.  We  also  sometimes  find 
chandrin  (?)  and  glutin  (?),  urea^  glucose  (in  diabetes),  Mle-piffments  and 
bile-acids  (in  catarrhal  icterus). 

As  more  specific  bnt  not  constant  constitaenta  of  the  pus  we  tnmt 
mention  the  following:  pyin^  which  seems  to  be  a  nucleoalbnmin  or  nocleo- 
proteid  precipitable  by  acetic  acid,  and  also  pyinic  acid  and  chhrrhodinic 
acidy  which  have  been  so  little  studied  that  they  cannot  be  more  folly 
treated  here. 

In  many  cases  a  bine,  less  rarely  a  green,  color  has  been  observed  in  the 
pas.  This  depends  on  the  presence  of  a  variety  of  vibrios  (Lucre)  from 
wliich  FoRDOs  and  LCcke'  have  isolated  a  crystalline  bine  pigment, 
pyocyamn^  and  a  yellow  pigment,  pyoxantkoss, 

AppeTidlx. 
Lymphatio  Glands,  Spleen,  etc. 

The  Lymphatie  Glands.     The  cells  of  the  lymphatic  glands  are  fonnd  to 

contain  the  protein  sobstances  occurring  generally  in  cells  (Chapter  V, 
pp.  101  and  102).  Albnmoses  and  peptones  may  also  occur  as  products  of  a 
post-mortem  decomposition.  Besides  the  other  ordinary  tissue  constituents, 
such  as  collagen,  reticnlin,  elaatin,  and  naclein,  we  find  in  the  lymphatic 
glands  also  chohsierin^  fai^  glycogen^  sarcolactic  acid^  xanthin  bodies^  and 

>  FordoSp  Compt.  rend.,  Tomes  51  and  66;  LiXcke,  Arch,  f,  klin.  Cbirurg.,  Bd.  3. 
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ieutnn.  In  the  ingninal  gkndg  of  an  old  woman  Oidtmakn  '  foand  714.32 
p.  m.  water,  284.5  p,  m.  organic  and  1.16  p.  m.  inorganic  Bubfitancea. 

The  Spleen.  The  pulp  of  tlie  spleen  cannot  be  freed  from  blood.  The 
mass  which  is  separated  from  the  spleen  capsule  and  the  stmctnral  tiasae 
by  pressure  and  which  ordinarily  serves  as  material  for  chemical  investiga- 
tions is  therefore  a  mixture  of  blood  and  spleen  constitnents.  For  this 
reason  the  albuminous  bodies  of  the  spleen  are  little  known.  As  chanictfer- 
istic  constituents  we  have  alhumincites  coniaming  iroti^  and  especially  a 
protein  substance  which  does  not  coagulate  on  boiling,  and  which  is  pre^ 
eipitated  by  acetic  acid  and  yields  an  ash  containing  much  phosphoric  acid 
and  iron  oxide.* 

The  pulp  of  the  spleen,  when  fresh,  has  an  alkaline  reaction,  bnt 
-quickly  turns  acid,  due  partly  to  the  formation  of  frte  paralactic  acid  and 
partly  perhaps  to  glycero-phosphoric  acid.  Besides  these  two  acids  there 
have  been  found  in  the  spleen  also  volatile  fatty  aeids^  aa  formic,  acetic, 
and  butyric  acids,  as  well  as  succinic  acid,  neutral  faU^  choksterin^  tracea 
-of  leiicin^  ifwsit  (in  ox*spleen),  scylUty  a  body  related  to  inosit  (in  the 
spleen  of  plagiostoma),  glycogen  (in  dog-spleen),  uric  acid,  xauthin  bodies^ 
And  jecorin  (Baldi  *). 

Among  the  constituents  of  the  spleen  the  deposit  rich  in  iron^  which 
consists  of  ferruginous  grannies  or  conglomerate  masses  of  them,  and  closely 
atndied  by  Nasse,  is  of  special  interest.  This  deposit  does  not  occur  to 
the  same  extent  in  the  spleen  of  all  animals.  It  is  found  especially 
abundant  in  the  spleen  of  the  horse.  ^\as8E*  on  analyzing  the  grains 
(from  the  spleen  of  a  horse)  obtained  8411^630  p.  m.  organic  and  160-370 
p.  m.  inorganic  substances*  These  last  consisted  of  566-726  p.  m.  Fe^O, , 
205-388  p.  m*  1\0, ,  and  57  p.  m.  earths.  The  organic  substances  con- 
•aisted  chiefly  of  proteida  (660-BOO  p.  m.),  nnclein,  52  p.  m.  (maximum),  a 
yellow  coloring  matter,  extractive  bodies,  fat,  cholesterin,  and  lecithin. 

In  regard  to  the  mineral  cmidituenis  it  is  to  be  observed  that  the 
amount  of  sodium  and  phosphoric  acid  is  smaller  than  that  of  potassium 
and  clxlorine*  The  amonnt  of  iron  in  new-born  and  young  animals  is  email 
(LAricQUE,  KrCgeb,  and  Pehnou),  in  adults  more  appreciable,  and  in  old 
animals  sometimes  very  considerable,  Nasse  found  nearly  50  p.  m.  iron 
in  the  dried  pulp  of  the  spleen  of  an  old  horse,  liriLLEMONAT  and 
LAPicgiE'   have   determined   the  iron   in   man.     They   find   no  regular 


»  V,  Gonip-BesaDez.  Lehrbuch,  4.  Aufl.  S.  732. 
^lb,d.,  717. 

*  Du  BoU-ReymoDd'8  Arch.,  1887,  Supph 
*Maly's  Jabrf«ber.,  Vk\   lU,  8  S15. 

•  Lapicqiie,  ibid,,  Bd.  20;  Lnj>lt'que  and  GuUlemoDat,  Compt.  rend,  de  Soc.  bloL, 
Tome  48»  aud  Arch,  du  Physit)L  (5).  Tome  8  ;  KrUger  and  Pernou,  Zeit^clir,  f.  Biologic, 
3d.  27;  Naase,  cited  trnvn  UuppeSeylcr.  Pbjslol.  Chem..  8.  720. 
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increase  with  growth,  but  in  niost  cases  0.17-0.39  p.  m.  (after  subtracting 
the  blood'irori)  calculated  on  the  fresh  substance.  A  remarkably  liigh 
amoutit  of  iron  U  not  dependent  upon  old  age,  but  is  a  residue  from 
chroDic  diseases. 

The  quantitative  analjBea  of  the  human  spleen  by  Oidtmanx  give  the 
following  results:  In  men  he  foand  ?50-Gl>4  p,  m,  water  and  25O'30<> 
p.  m.  solids.  In  that  of  a  woman  he  found  774.8  p.  m.  water  and  tlb.% 
p.  m.  solids.  The  quantity  of  inorganic  bodies  was  in  men  4.9-7.4  p.  m.^ 
and  in  women  9.5  p.  in. 

In  regard  to  the  pathological  processes  going  on  in  the  spleen  we  must 
specially  recall  the  abundant  re-fannation  of  leucocytes  in  lencsemia  and 
the  appearance  of  amyloid  substance  (see  page  48). 

Tbe  physiological  functions  of  the  spleen  are  little  known  with  the 
exception  of  its  importance  in  the  formation  of  leucocytes.  Some  consider 
the  spleen  as  an  organ  for  tbe  dissolution  of  tbe  red  blood -corpuscles,  and 
the  occurrence  of  the  above-mentioned  deposit  rich  in  iron  seems  to  coafirm 
this  view.  The  spleen  has  also  been  claimed  to  play  a  certain  part  In 
digestion.  This  orgau  is  claimed  by  kSchiff,  IIekzek,  Gaciiet  and 
Paohon  to  be  of  importance  in  the  production  of  trypsin  in  the  pancreas. 
The  statenieuts  on  tbis  (|tiestion  are  still  disputed  (ITEiDKxnAiN,  Ewald')..  ■ 

An  increase  in  the  quantity  of  nrie  acid  eliminated  has  been  observed  f 
by  many  investigators  (see  Chapter  XV)  in  lineal  leucfemia,  while  the 
reverse  baa  been  observed  under  the  influence  of  qninin  in  large  doses,  which  ■ 
produces  an  enlargement  of  the  spleen.     We  have  here  a  rather  positive ^ 
proof  that  there  ia  a  close  relationahip  between  the  spleen  and  the  formation 
of  uric  acid.     This  relationship  has  lately  been  studied  by  IIorbaczewski. 
lie  has  sliown  that  wlien  the  spleen-pnlp  and  blood  of  calves  are  allowed 
act  on  each  other,  under  certain  conditions  and  temperature,  in  the  pr 
ence  of  air,  large  quantities  of  uric  acid  are  formed.     Under  other  candi-' 
tions  he  obtained  from  tbe  spleen-judp  only  xanthin  bodies  with  no  or  very 
little   uric   acid.      IIorbaczewski'   has   also  shown    that   the   nric  acid 
originates  from  the  nuclei na  of  the  spleen,  which  yield  uric  acid  and  xanthin 
bodies  according  to  tbe  experimental  conditions. 

The  spleen  has  the  same  property  as    the  liver  of  retaining  foreign  fl 
bodies,  metals  and  metalloids. 

The  Thymus,  Besides  protein  substances  mentioned  in  Chapter  V  and 
hodioB  belonging  to  the  connective- tissue  group,  we  find  small  quantities  of 


SKI.   ■ 

d  tal 
pres-fl 


»  Scbiff,  citett  by  Herzcn,  Prmsrer^s  Arch.,  Bd.  30,  S.  395  and  808*  and  Maly'ft 
Jtihrt'slM^r,,  Bd.  18;  Gacliui  uml  PMclion,  Ardi.  di-  Physiol.  (5),  Tome  iO ;  Heideahaia 
hi  Herrnmim's  Httodb.  d.  Physiol.,  Bd.  5,  AbaouderungHvorgftugf,  S.  206;  Ewald,  Vcr- 
Imiidl   d.  physlol.  Gesellsch.  in  lierlin,  1878. 

■  Moriftisliefte  f.  Cbiitn,,  B«l.  1€.  and  Wieo.  Stixungsber.  Math.  Nal.  Khisse.  Hd,  ICO, 
Ablh.  a. 
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/a/,  kuciUj  succinic  an'rf,  lactic  acidy  and  sugar^  and  tmcee  of  iodotkyrin* 
The  large  qnaixtity  of  ianlMii  bodies^  chiefly  adenine  is  remarkable — 1.79 
p,  m.  in  the  fresh  gland,  or  19.19  p,  m.  in  the  dried  substance  (Kossel 
and  Schindler),  Lilienfeld  has  found  inosit  and protagori  in  the  cella 
of  the  thymus.  The  qnantitatiTe  compoeition  of  the  lymphocytes  of  the 
th\innB  of  a  calf  is,  according  to  Limenkeld's*  analyflie,  m  follows.  The 
resalta  are  given  in  1000  parts  of  the  dried  sobstance* 

Proteldi *  , ,  • ,  17.8 

LeiicouticleiJi 687.9 

Kmum • ........,, 88.7 

LecUbiQ  ...,. 75.1 

F*it .  40.8 

Cbolesterin    ,.». 44.0 

GlycogeD 8.0 

The  dried  substance  of  the  leucocytes  amounted  to  an  average  of  114.9 
p.  m.  Potassium  and  phoephoric  acid  are  prominent  mineral  constituents, 
LiLiEKFELD  fonnd  KHJ'O^  amongst  the  bodies  solnble  in  alcohol. 
OinTMAXK  *  found  807.06  p.  m.  water,  192.74  p,  m,  organic  and  0,2  p,  m. 
inorganic  substances  iu  the  gland  of  a  child  two  weeks  old. 

The  Thyroid  Gla&d,     The  chemical  couBtituents  of  this  gland  are  little 

knowD.     lU  iiNOW  has  obtained  a  protein  Hubstauce  called  by  him  '*  thyreo- 

proteine^^^  by  extracting  the  gland  with  common-salt  solution  or  by  very 

dilate  caustic  potash.     This  body  has  about  the  same  amount  of  nitrogen, 

■  but  smaller  amounts  of  carbon  and  hydrogen,  than  the  proteids  iu  general, 

"^The  fluid  found  in  the  vesicle  sometimes  contains  a  wucin-like  substance 

which  is  precipitated  by  an  excess  of  acetic  acid.     Goirlay*  conld  not 

find  any  mucin  but  only  a  nncleoalbumin  in  the  thyroid  gland  of  oxen. 

Besides  these,   other  substances  have  been  fonnd   in   tlie   extract  of  the 

glands,  such  as  leucin^  xantfiin,  hypoxantMn,,  ioihihtfrin^  lactic  and  $nc- 

^^cinic  acids,     0 1  HTM  an  x*  found  in  tbe  thyroid  gland  of  an  old  woman 

™  8*22.4  p,  m,  water,  176.7  p.  m,  organic  and  O.li  p.  nu  inorganic  subBtances. 

He  fonnd  772,1  p.  m.  water,  223.4  p.  m.  organic  and  4.5  p.  m.  inorganic 

snbstances  in  an  infant  two  weeks  old. 

H.  lIuTcniNsoN  '  has  determined  the  amount  of  iodine  in  the  protein 
Bubfitancie,  called  by  him  colloid,  obtained  by  precipitating  the  watery,  salty 
or  faintly  alkaline  extract  of  the  thyroid  (of  sheep  or  calf)  by  acetic  acid 
and  found  0.300jt  iodine  in  the  dried  substance.  On  digesting  this  colloid 
with  pe[>8in  he  obtained  a  protein-free  residue  with  3.(19^  iodine,  from 
which  jodothyrin  could  be  extracted  by  boiling  alcohol.     BeBidea  this  he 


•  Kckseel  and  Scliiudler  Zeitsclu.  f,  pliysioL  Ch™„  Bd.  18;  LOfeoftld,  tbid.,  Bd.  18, 

•  Cited  from  v.  Gt>nip-Besiitiez,  Lehrb,  d,  phjfiiol.  CIkui.,  4.  Aufl.»  8.  782. 

•  Bubriow,  Ztiiscbr.  f  physloL  Chetu.,  Bd.  6;  Gourlay,  Jouruul  of  PlijsioL,  Vol.  1(!L 
«L.  c,  S.  783. 

•  Journal  of  Phyaiol..  Vol.  28. 
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obtained  in  solatbn  an  albumose  with  0.318;^  iodine  and  peptone,  which 
was  nearly  iodine- free.  Only  the  albumose  containing  iodine  was  found 
active  in  a  caee  of  niyxa?dema,  but  not  the  peptone, 

Thoso  substances  wliicb  stand  in  close  relationahip  to  the  fanctiona  of 
the  gland  are  of  special  interest. 

The  complete  extirpation^  as  also  the  pathological  destrnotion,  of  the 
thyroid  glatid  canaes  great  disturbances,  ending  finally  in  death.  In  dogs, 
after  the  total  extirpation  adiatorbance  of  the  nervous  and  mascnlar  sTfitem 
<M3curs,  snch  aa  trembling  and  cramps,  and  death  generally  supervene-s  shortlT 
after,  most  often  during  an  attack  of  cramps.*  In  human  beings  different 
distarbances  appear,  such  as  nervous  symptoms,  dimimshed  Intelligence, 
dryness  of  the  skin,  falling  oat  of  the  hair,  and,  on  the  whole,  those 
eymptoms  which  are  included  nnder  the  name  cachexia  thy reopriva,  and 
death  follows  gradually.  Among  these  aymptoma  we  must  mention  the 
peculiar  slimy  infiltration  and  extuberance  of  the  connective  tissue*  It  haa 
been  proved  that  tlie  destructive  action  of  the  removal  of  the  thyroid  can 
be  counteracted  by  the  artificial  introduction  of  extracts  of  the  thyroid 
gland  into  the  body,  and  even  by  feeding  with  the  substance  of  the  gland. 
From  this  we  conclude  that  specifically  acting  bodies  must  be  prodnced 
in  the  thyroid  gland,  which  when  absent  bring  about  in  some  way  or 
another  the  above-mentioned  disturbances.  On  the  other  hand  it  has  been 
observed  on  administering  too  large  quantities  of  gland  sabstance  that 
threatening  symptoms  and  disturbances  occur  in  man  as  well  as  in  animals. 
From  a  physiologico-chemical  standpoint  the  diseased,  increased  destruction 
of  body  proteid,  occurriog  on  continuous  feediug  with  thyroid  preparations, 
is  of  the  greatest  importance.  From  this  it  seems  to  follow  that  the  speciHej 
constitnents  of  tlie  gland,  when  administered  in  excess,  may  have  aaj 
injurious  action. 

S.    Frank  EL*    has  isolated   a  crystalline    base   called    thyreoanlitttxin^ 
which  is  soluble  in  alcohol  and  preci  pi  table  by  potassium-mercuric  iodidi 
and   which  he   considers   as  the  active  body.     Drechsel  and  Kociier 
have  found  two  bases  in  the  gland,  one  of  which   is   probably  identical^ 
with    FuA^KEL^s    base.      Frank  el's    base    is    especially   active    against' 
cramps.      According   to    NoTKlK*    the    specifically   active   substance   is 
protein  substance,  called   by  him   iJiyreoproieid,  while  according  to  Bai 
MANN  and  Koos*  the  only  active  body  is  iodothyrtn, 

^  Thii  divergent  atntements  &&  to  tbe  uccesslty  of  lUe  thyroid  giaud  caa  iHi  fouod 
H.  Muiik,  Vircliow*8  ArclL,  Bd,  150, 

'  Friliikel,  Wieo.  med.  BliUter,  1895  and  1896. 

»  Central bl.  f.  Pbyalol,  BtL  9,  S.  705. 

*  Wlen»  med.  Wocheoscbr.,   1895,  mid  Virchow's  iVrch.,  Bd.  144.     Suppiemeot,  S. 
234. 

'  Zejtschr.  f.  physloL  Chtm.,  Bdd.  21  and  2i,  iilao  Baumaoo,  MQnch,  noed.  Wocben- 
flchn,  1896;  Bauumun  aud  Golduiauu,  ibid.;  Hoos,  ibid.     An  exteoBlve  review  of  the 
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Ic^doUiyrin  or  thtroiodik.     This   body,  which  was  discovered  by  Baumann  and 

which  occurs  in  tbe  thymus  and  also,  liccordiug  to  ScnNiTZLKR  una  EwALD,'iii  the 

bjpopbjsia  cerebri  is  a  bu balance  coutaiiiiug  iodine,  btiviug  a  boniewhal  diiJereut  com- 

'posiiion  dcpeudiug  upoo  its  uHgiu,     Kous*  fuiaid  f*>r  the  iodolbyriii  from  the  inuttou 

ihyroid  glands  and  from  biiumu  ibyroid  gluuda  from  diflfert^ai  regioDs  the  folluwihg:  4.31 

and  1  41'i.5«i5K  I:  8.ttl  and  10.41-10.03^  N;  1.40^  S.  5«.24and  6L41-57.04.«  C,   lodoibyna 

Iii  Dot  a  proleid  body.  Tbc  views  atei^f>mewbat  contradiciory  in  regard  lo  the  manner  in 
Erbich  it  crista  iatbe  g!aad(BAUMANN.  Bh;m,  Ta^jbacii  '),  but  cmc  Udng  is  sure,  and  that 
li  that  it  is  split  oS.  from  complex  protein  substauce  Id  tliu  gland  by  the  proloDged  boil- 
fee  wiib  10$  Bulpbuiic  acid, 
r  lodotbyriu  is  an  nraoi'pljoos,  brown  subsluuce  which  swells  iipon  heatiugand  develops 
iin  odor  recalling  the  pyridin  basics.  It  in  inaily  insoiuble  in  water  nnd  <:c>ld  alcohol.  It 
dissolves  with  difficulty  in  boiling  alcohol.  Alkalie^.  dissolve  it  rejitlily,  and  Jl  is  pre- 
cipitated from  this  solution  by  thti  addition  of  acid.  It  digsolvts  wjib  a  dark  l>rowti  crdor 
in  coo  cent  rated  mineral  acids  and  glacial  acetic  acid.  The  acetic  acid  solution  tnhy  l>e 
strongly  diluted  with  water  without  precipitati<in,  and  this  solnliou  ciiube  precipitated  by 
potassium  ferrocyauide,  picric  acid,  or  phospbo-tuDgstic  acid,  lodcithyrin  does  not  give 
either  the  Biuret  test  or  Millon's  reacli«)n. 

lodothyrin  is  prepared  by  boiling  the  finely  divided  gland  with  dilute  Bul[»ljuiic  iicld 

10)  for  at  least  30  hours.     Pepaiii  digeatiou  may  also  be  ref-orietl  to.     The  insolublo 

ddtie.  wbicU  contains  the  iodotnyrin,  is  extracted  in  either  case  with   boiling  alcohol 

|9<^),     On  the  evaporation  of  the  alct*bolie extract  the  residue  is  dissolved  in  water  with 

be  aid  of  a  little  alkali,  aud  the  iodothyrio  precipitated  by  the  additlou  of  acid. 

According  to  Baumann  and  Roos  the  iodotliyrin  is  the  only  active  sub- 
stance of  the  thyroid  gland,  and  it  gives  all  the  characteristic  actions  of  the 
^Kgland  sabstance.     According  to  them  it  has  the  therapetitic  action  of  the 
^■thyroid    preparations    in    goitre,  it    prodnces    the  charitcteristic    poigonuus 
Hf^Tuptoms  in  large  doaeB,  it  is  active  in  niysoidenm,  and  it  acta  like  the 
H  gland  8iibdtaDce  on  inetabolisni  and  proteid  deBtruction.     This  is  denied  by 
several  other  iaveetigators/  and  it  is  rather  generally  admitted  that  none  of 
the    thyroid    constituents    thus    far    isolated    has  all   the   typical  actions* 

f^beed  latter  are  the  united  result  of  several  bodies.  It  is  impossible  to 
enter  here  into  this  and  other  disputed  qtiestions,  such  as  the  importance  of 
iodothyriu,  on  the  origin  and  binding  of  the  iodine  in  the  gland^  the  extent 
and  T&lne  of  the  iodine  metabolism,  the  various  anti-poisonotis  theories, 
etc.,  etc. 

OSWALD  *  has  isolated  two  protein  sobstances  from  the  thyroid  gland,  one 
of  which  has  the  characterifiticB  of  a  globulin,  being  called  thyrmglohuHn^ 
and  has  the  following  composition:  0  62.21;   II  6,83 j    N  10.50;  I  1.66; 


» 


literature  on  the  action  of  iodotbyriu  and  Ibe  thyroid  preparations  can  be  found  in  Hoos, 
Zeilfichr.  i,  physioI.  Chem.,  Bd.  22,  S*  18.  In  regard  to  their  action  in  protetd  tlestruc- 
lion  and  metaboHsm  see  F.  Voit,  Zeitachr.  f.  Biologic,  Bd.  :jr>;  SchOndorff,  Pfltigtir'a 
Arcb.,  Bd.  67,  aad  Anderson  and  Bergman^  Skand.  Arch.  f.  Physiol,  Bd.  8.  A  sum- 
mary of  the  thyroid  h'terature  for  Ibe  last  years  ia  found  in  Maly*s  Jabreaber,,  Bdd,  24 
and  25. 

»  Wieo.  klin.  Wochenschr.,  1896. 

'  Zeitscbr.  f.  pbyaiol.  Cbem.,  Bd.  25 

•  Bftumaoti.  1.  c. :  Blum.  MUncb,  med.  Wo<;heo8cbr.,  1898;  Tambacb,  Zeitachr.  f, 
Blologle,  Bd.  36, 

•  Sec  Wonnaer,  Pfltlger's  Arch.,  Bd.  67  (index  to  literatureX  and  foot-note,  p.  203, 

•  Zeitscbr.  f,  pbyaiol.  Cbem.,  Bd.  27. 
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B  IS^i*  This  globaliQ  is,  according  to  Oswald,  the  iodized  eabatance  of 
the  thyroid  glaud,  and  it  has  the  specific  action  of  iodothjrin  on  the  proteid 
metaboliBm.  A  body  containing  5,275^  iodine  was  obtained  from  thi» 
globnliu  by  pepsin  digestion.  On  boiling  with  10^  anlphuric  acid  Oswald 
obtained  a  substance  which  showed  properties  similar  to  iodothyrin  and 
contained  14.39^'  iodine  (average).  This  snbatance  is  purer  iodothyrLn  thaa 
that  prepared  by  Baumann.  The  second,  leas  abnudant  protein  aabstance 
occurring  in  the  thyroid  gland  is  a  niicleoproteid,  free  from  iodine  (with 
0*10?^  P),  which  has  no  action  on  proteid  metabolism.  The  colloid  of  the 
thyroid  gland  of  the  anatomists  is  a  mixta  re  of  thyreoglobulin  and  niicleo- 
proteid. 

In  '*  STRUMA  cystica''  noppE-SEYLER  found  hardly  any  proteid  in 
the  smaller  glandular  vesBek,  bot  un  excess  of  mueifiy  while  in  the  larger 
he  found  a  great  deal  of  proteid^  70-80  p.  m.*  Chole^iertn  is  regalarly 
fonnd  in  such  cysts,  sometimes  in  such  large  quantities  that  the  entire 
contents  form  a  thick  mass  of  cholesterin  plates.  Crystals  of  cakinm 
oxalate  also  occur  f reqaently.  The  contents  of  the  struma  cysta  are  some- 
limes  of  a  brown  color  due  to  decomposed  coloring  matter,  meih(pmoglohifi 
(and  lu^*niatin  ?),  Bile-coloring  matters  have  also  been  found  in  such  cysts, 
(In  regard  to  i\iB  pa7'alhumins  and  colloids  which  have  been  fonnd  in  strums 
cysts  and  colloid  degeneration,  see  Chapter  XIIL) 

The  Suprarenal  Capsule.     Besides  proteid  s,  snbstances  of  the  connectir^ 
tisane,   and   salts,    we   fi^nd   in    the   suprarenal   capsnle   inosii^   palmitinj^ 
relatively  considerable  UcUhin^  neurin^  and  t/lf/cero-jihosphoric  mid.     The    ' 
kuein  found  by  certain  experimenters  is   perhaps  only  a  decom]»oeitioa 
product.     The  statements  as  to  the  occurrence  of  benzoic  acid,  hippnriiifl 
acidj  and  bile  acids  could  not  be  substantiated  by  Stadelmann.'     In  the 
medulla  Vulpian   and  Ahxold  have  found  a  chromogen,   which  is  con- 
verted into  a  red  pigment  by  the  action  of  air,  light,  alkalies,  iodine,  and 
other   bodies.     This  chromogeu,   which  in  certain  regards  acts  like  pyro- 
catechin,    has   a  strong   reducing   action*      Because    of    the    amount    of 
chromogen   contained   in   the   suprarenal   body,  a  connection    is  claimed 
between  the  abnormal  deposition  of  pigment  in  the  skin,  which  is  character- 
istic of  Addison's  disease,  and  the  abnormal  changes  which  often  occur  in; 
the  suprarenal  body. 

Nothing  positive  is  known  as  to  the  functions  of  the  suprarenal  capsule^ 
with  the  exception  of  the  action  of  the  so-called  sphygmogenin.  It  haa 
been  shown  by  Oliyeb  and  Schafer,  Cybulski  and  Szymonowicz  '  that 

^  Phyalol.  Chem,,  S.  721.  | 

*  Zeilnchr.  f.  pbysiol.  Chem..  Bd.  18,  which  conLaina  the  necesaary  Jitemture. 

*  Oliver  and  Schafer,  Proceed  of  FbysioK  StK\  Lomion,  189.^.  Furibtr  refereiic«i 
in  tliti  fuDctioQ  of  tbe  BuprurcMml  capsule  cau  be  found  ia  SzymoDowicz,  PHQger's  Arch.^ 
Bd.  M. 
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a  watery  extract  of  the  snprarenal  capsule  canses  an  increased  blood- 
pressure.  The  investigations  of  Moore,  S.  Fbankel,  y.  Fubth/  and 
others  show  that  the  substance  hereby  active  stands  in  a  certain  relationship 
to  the  above-mentioned  chromogen.  This  substance,  which  y.  Furth  calls 
^phygmogeniny  is  readily  soluble  in  water  and  also  in  alcohol.  The  supposi* 
tion  first  suggested  by  Moore  and  then  made  probable  by  the  researches  of 
Abel  and  Crawford,  that  this  body  raising  the  increased  blood-pressure 
is  a  pyridin  derivative,  has  received  important  support  from  the  recent  inves- 
tigations of  y.  Furth.'  According  to  him  this  questionable  substance  is 
probably  a  dioxypyridin. 

'  Moore,  Proceed,  of  Physiol.  Soc.  London,  1895  (with  Oliver  and  Bchttfer),  and 
Journal  of  Physiol.,  Vol.  21 ;  8.  Frftnkel.  Wien.  me<i.  Blatter.  1896 ;  v.  Furth.  Zeit- 
8chr.  f.  physiol.  Cbem.,  Bd.  24.  See  also  GUrber,  Sitzuugsber.  der  phys.  med.  Gesellsch. 
xu  WUrzburg.  1897.  No.  4. 

•  Moore,  Joum.  of  Physiol..  Vol.  21 ;  Abel  and  Crawford,  Johns  Hopkins  Hospital 
BuUetin.  1697  \  v.  Furth,  Zeitschr.  f.  physiol.  Chem.,  Bd.  20. 
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The  liver,  which  is  the  largest  organ  of  the  body,  stands  in  cloee 
relatioQBhip  to  the  blood-formiBg  organs.     The  importance  of  this  orgw 
for  the  physiological  composition  of  the  blood  is  evident  from  the  fact  that 
the  blood  coming  from  the  digestive  tract,  laden  with  absorbed  bodies,  mist 
circulate  through  the  liver  before  it  is  driven  by  the  heart  through  the 
different  organs  and  tiasnes.     It  has  been  proved,  at  least  for  the  carbo- 
hydrates, that  an  assimilation  of  the  absorbed  nntritive  bodies  which  «re 
broaght  to  the  liver  by  the  blood  of  the  portal  vein  takes  place  in  this  organ, 
and  there  is  no  doubt  that  synthetical  processes  appear.     The  occnrrence 
of  synthetical  procesaes  in  the  liver  has  been  positively  proved  by  special 
observations.     It  is  possible  that  in  the  liver  certain  ammonia  combinations 
are  converted  into  nrea  or  nric  acid  (in  birds),  while  certain  products  o( 
pntrefaction  in  the  intestine,  ench  as  phenol,  may  be  converted  by  synthesii 
into  ethereal  sulphuric  acids  by  the  liver  (PflOger  and  Kochs').    Tht 
liver  has  also  the  property  of  removing  and  retaining  heterogeneous  bodies 
from  the  blood,  and  this  is  not  only  true  of  metallic  salts,  which  are  oftea^ 
retained  by  this  organ,  but  also,  as  Schipf,  Lautenbeeger,  jACQtJEsjB 
IlEfiEa,  and  especially  Roger  have  shown,  the  alkaloids  are  retained  and 
are   probably   also  partially   decomposed   in    the  liver.      Toxins   are  also 
retained  by  the  liver,  and  hence  this  organ  has  a  protective  action  against 
poisons.^     The  researches  of  Bouchard,  Roger,  and  Mairet  and  Vbib3^ 
has  shown  that  the  liver  may  itself  have  a  poisonous  action.  " 

Even  though  the  liver  is  of  assimilatory  importance  and  pnrifiee  the 
blood  coming  from  the  digestive  tract,  it  is  at  the  same  time  a  secretory 
organ  which  eliminates  a  specific  secretion,  the  bile,  in  the  production  of 
which  the  red  blood-corpuscles  are  destroyed,  or  at  least  one  of  their  con- 
stituents, the  haemoglobin.     It  is  generally  admitted   that  the  liver  acta 


'  Pfltlger'a  Arcb,,  Bd,  20  and  Bil.  23,  S.  169, 

'  Roger,  Action  du  foie  sur  Ics  poiBons  (Pada,  1887),  which  also  cod  tains  ihc  older 
literal  tire  ;  Bouchard,  Lego  n  a  sur  les  autointoxications  dans  lea  Mal&dies  (Paris,  1887); 
and  E  KoiUar  in  Arch*  dea  scleucca  blolog^ique  de  St.  P^tcrsbourg,  Tome  2,  No.  4,  p. 
fi87. 

•  See  Mairet  and  Vrlea,  Arch,  de  PhyBiol.  (5),  Tome  9, 
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contrariwise  during  total  life,  at  that  time  forming  the  red  blood-cor- 
pUBcles. 

There  ib  no  donbt  that  the  chemical  operations  going  on  in  this  organ 
are  manifold  and  mnat  be  of  the  greatest  importance  for  the  organism  \  bat 
unfortonately  we  know  very  little  abont  the  kind  and  extent  of  these 
processea*  Among  them  are  two  principal  ones  which  will  be  fally  treated 
in  this  chapter,  after  we  have  first  described  the  constituents  and  the 
chemical  conipoeition  of  the  liver.  One  of  these  processes  seems  to  be  of 
an  assiniilatory  natnre  and  refers  to  the  formation  of  glycogen,  while  the 
other  refers  to  the  production  and  secretion  of  the  bile. 

The  reaction  of  the  liver-cell  is  alkaline  during  life,  bat  becomes  acid 
after  death.  This  change  is  probably  dne  to  the  formation  of  lactic  acid» 
causing  a  coagulation  of  the  proteids  of  the  protoplasm  of  the  cell.  A 
positive  difference  between  the  alhnminous  bodies  of  the  dead  and  the 
living,  non-coagu!ated  protoplasm  has  not  been  observed. 

Th^  proteids  of  the  liver  were  first  carefnlly  investigated  by  Vl6bz.  He 
found  in  the  watery  extract  of  the  liver  an  albuminous  substance  which 
coagulates  at  +  45*^  C,  also  a  globulin  which  coagulates  at  +  75""  C,  a 
mideoalbumin  which  coagnlates  at  ^^  70°  C,  and  lastly  a  proteid  body 
which  is  nearly  related  to  coagulated  albumins  and  which  is  insoluble  in 
dilute  acids  or  alkalies  at  tlie  ordinary  temperature,  but  dissolves  on  the 
application  of  heat,  being  converted  into  an  albuminate.  Halliburton  * 
has  fonnd  two  globulins  in  the  liver *cells,  one  of  which  coagulates  at 
68-70"  C,  and  the  other  at  45-50°  C,  He  also  found,  besides  traces  of 
albumin,  a  nncleoproteid  which  contained  \Abi>  phospborns  and  a  coagula- 
tion-point of  60°  C.  Among  the  nucleoproteids  of  the  liver-cells  we  find 
also  glycoproieids,  which  yield  pentose  as  cleavage  products.*  Besides 
these  proteids,  the  liver-cells  contain  a  large  quantity  of  a  ditlicultly  soluble 
protein  substance  (see  Plosz).  It  also  contains,  as  first  shown  by  St,  Zale- 
Sfvi  and  then  substantiated  by  several  other  investigators,  ferniginona 
proteids  of  different  kinds.  A  part  of  these  ferruginous  proteids  are,  aa 
generally  admitted,  iron  albumiuates,  in  which  the  iron  can  be  directly 
detected,  as  after  extraction  with  alcohol  containing  hydrochloric  acid* 
They  are  also  in  part  nndonbtedly  nucleoproteids,  in  which  the  iron  cannot 
be  directly  detected  (Wolterikg,  Spitzer),  A  proteid  rich  in  iron, 
obtained  by  Schmiedeberg  *  by  boiling  the  liver  in  water  and  precipitating 
the  filtrate  with  tartaric  acid,  is  called  ferratin* 

*  Plosz,  PliQger*e  Arch.,  Bd.  7  ;  Balliburtoo,  Joum.  of  Physiol.,  VoJ.  13*  Supplt- 
meat,  1893. 

*  See  SalkowskI,  B€rL  kllu.  WocbeD«chr,  1805  ;  HamcuarsteD,  Zeitschr.  f  phygiol. 
Cliem.,  BiL  9  ;  and  Blumeolliftl,  Zeitschr.  f,  klin.  Med,.  Bd.  U. 

^9t.  Zalcski,  Zeitschr.  f.  pbyBiol.  Chem.,  Bd,  10,  S.  4ae  ;  WoltedDg.  ibid.,  Bd,  81; 
Bpftzer.  Pfltlgcr'f  Arch,.  Bd.  67  ;  Schmiedebcrg,  Arch.  f.  exp.  PaVk  u.  Pharm.,  Bd*  38. 
6ee  also  Yay,  Zeitschr.  f.  physiol.  Cliem.,  Bd.  20, 
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THE  LIYEU. 


The  jellow  nr  brown  pigment  of  the  liv«r  lias  been  little  studied.  Dastre  and 
Floresco^  tliffereollale  in  vertebra  lea  between  a  ferni^'oous  pigment  soluble  in  wnkr 
uiul  \\  |iigLueui  boltible  in  chloruform  and  tnsoluUIe  in  water.  Tliuy  iiuve  not  isolnicd  Uic« 
plgtnentii  m  a  pure  coudiliou. 

The  fai   of   the  liver  occnrs  partly  as  very  small  globules  and  parti? 
(especially  in  nursiDg  children  and  sucking  animals,  as  also  after  food  rich 
iu  fat)  as  rather  large  fat-drops.     The  occnrrence  of  a  fat  infiltration,  Le,, 
a  fat  transportation  in  the  liver,  may  not  only  be  produced  by  an  excess  of 
fat  in  the  food  (Noel-Paton),  but  also  by  emigration  from  other  parts  of 
ihB  body  under  abnormal  conditions,  sQch  as  poisoning  with  phosphoms 
(Leo)  and  phlorhi/jii  (Rosenfeld ').     Hosknfkld  '  has  given  a  new  seriee 
of  investigations  on  fatty  liver  in  phlorhiz in- diabetes*      Dogs  whose  fftt     i| 
deposit  was  changed  by  prolonget!  feeding  with  a  foreign  fat  (matton-fat),  J 
and  hence  consisted  of  this  foreign  fat  alone,  were  poisoned  with  phlorhizin.  V 
It  was  strikingly  shown  that  the  fat  accumulated  in  the  liver  after  the 
poisoning  was  fat  transported  from  the  fat  deposit. 

If  the  amount  of  fat  in  the  liver  is  increased  by  an  infiltration,  the 
water  decreases  correspondingly,  while  the  quantity  of  the  other  solida 
remains  little  changed.  In  fatty  degeneration  this  is  different.  In  this 
process  the  fat  id  formed  from  the  protoplasm  of  the  cell,  and  the  quantitj 
of  the  other  solids  is  therefore  diminished,  while  the  amount  of  water  is  only 
slightly  changed.  To  illustrate  this  wo  give  below  the  results  from  a 
normal  liver,  and  also  the  results  obtained  by  Perls  *  in  fatty  degeneration 
and  fatty  infiltration.     The  results  are  in  1000  parts. 

Water. 

Normal  liver. .  - 770 

Faity  degeneration 81 6 

Fatty  ioliliration 616-621 

The  composition  of  the  liver-fat  not  only  seems  to  be  different  in  differ^ 
ent  animals,  but  is  variable  under  different  conditions.  Thus  Noel-Patoit 
found  that  the  liver- fat  in  man  and  several  animals  was  poorer  in  oleic  acid 
and  had  a  correspondingly  higher  melting-point  than  the  fat  from  the 
Bubcutaneoua  connective  tissue,  while  Kosenfklp  *  has  observed  the  reverse 
condition  on  feeding  dogs  with  motton-fat.  TniEMicn  *  has  habitually 
found  in  children  a  higher  iodine  equivalent  for  the  fatty  acids  from  the 
fat  of  the  liver,  as  compared  with,  the  fatty  acids  from  the  subcutaneous 
fatty  tissues,  which  shows  that  the  liver-fat  is  richer  in  oleic  acid.  From 
his  investigations,  as  well  as  from  a  comparison  of  the  food -fat  and  the  fat 

'  Arcb.  de  PhyubL  (5),  Tome  10, 

*No«l-PntoD,  Journ.  of  PbyaioL,  Vol.  19;  Leo,  Zeltachr.  f.  PliyaioL  Cbem.,  Bd.  0j, 
Roscnfeld,  see  Maly's  Jabresber.,  Bd.  35,  S.  44. 

*  Zeilscbr.  f.  klin.  Med..  S6. 

*  CeutralbL  f.  d.  med.  WiBseosch,,  Bd.  11,  S.  101, 

*  Cited  from  Lummert,  PflQger'a  Arch.,  Bd.  71. 

*  Zeitachr.  f.  pliyaiol.  Cbem.,  Bd.  20. 


Fat. 

Remaining  Solidly 

20^35 

307^i»5 

87 

97 

195-340 

1S4-145 
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oni  the  sabcntaneous  connective  tissues  with  the  fat  from  fatty  liters  of 
dliea^ed  infants,  he  has  also  concluded  tliat  iu  the  latter  case  a  deposit  of 
fat  from  the  Bubcntaneous  tissues  takes  place,  aad  not  fat  from  the  food. 

Lecithin  is  a  normal  conBtitnent  of  tlie  liver,  and  amounts  to  about  23.5 
p.  ra.  according  to  Noel-Paton.'  In  starvation  the  lecithin,  according  to 
No£L-Paton»  forma  the  greatest  part  of  the  ethereal  extract,  while  with 
food  rich  in  fat  it,  on  the  contrary,  forma  the  smallest  part*  Chokderin 
only  occurs  in  small  quantities.  The  ethereal  extract  also  coutaind  a 
protagon-like  body^  jecorin. 

Jecorin  was  first  fouad  by  Dkechsel  in  ihe  liver  of  n  Jiorse,  and  nlfio  in  the  liTer  of 
adolpbin,  and  later  b}'  Baldi  Id  Lbe  liver  and  spleen  of  otber  nuimals,  in  the  muKcles  and 
blood  of  Ibe  hors«2,  and  hi  the  human  brain.  It  contains  sulpbnr  imd  pbcisplTnrii&.  Inil  Us 
ooofltilulioQ  is  not  positively  known.  Jecorin  diss<ilves  in  etliur,  but  13  precipitaii'tl  from 
this  solution  by  alcobol.  It  reduces  copper  oxide,  and  it  itolidilies  after  boiling  wiib 
ttUciLlies  to  a  gelatinous  mass.  Makasbe:^  hiia  detected  glucoae  as  osazon  in  tlie  ciirbo- 
hjdrate  complex  of  iecodn.  It  may  lead  to  errors  in  the  investigatlotis  of  organs  or 
tteues,  for  it  con  easily  be  mistaken  for  lecitbin  on  account  of  its  solubilUies  and  because 
tt  GODtalns  pbosphorus. 

■  Among  the  extracHve  substances  beaides  glycogen^  which  will  he  treated 
nf  later,  we  find  rather  large  qnanlitiea  of  ^antkin  bodies,  Kossel*  fonnd 
in  1000  parts  of  the  dried  euhfitance  1.97  p.  m.  gnaniuy  1.34  p,  m. 
h^Qxanihin^  and  1.21  p,  m.  xanthin,  Adenin  is  also  contained  in  the 
liver.  In  addition  there  hare  been  found  urea  and  uric  acid  (especially  in 
birds),  and  indeed  in  larger  quantities  than  in  the  hlood^  par aiacilc  acid ^ 
hucin^  and  cyst  in.  In  patliological  cases  inosit  and  iyrosin  hav^e  been 
detected.  The  occnrrence  of  hile-eohring  matters  in  the  liver-cell  under 
normal  conditions  is  doubtful;  but  in  retention  ol  the  bile  the  cells  may 
absorb  the  coloring  matter  and  become  colored  thereby. 

The  minerid  hodies  of  the  liver  consist  of  phosphoric  acid,  potassinm, 
lodinm,  alkaline  earths,  and  chlorine.  The  potassinm  is  in  excess  of  the 
flodiuTn.  Iron  is  a  regular  constituent  of  the  liver,  but  it  seems  in  very 
variable  amounts.  Bunge  has  fonnd  0.01-0.355  p.  m.  iron  in  the  blood- 
free  liver  of  young  cats  and  dogs.  This  was  calculated  on  the  liver  sub- 
stance freshly  washed  with  a  1^  NaCl  soletioo.  Calcnhited  on  10  kilos 
bodily  weight,  the  iron  in  the  livers  amounted  to  3.4-80.1  nigm.  Recent 
determinations  of  the  quantity  of  iron  in  the  liver  of  the  rabbit,  dog, 
liedgehog,  pig,  and  man  have  been  made  by  Guillemonat  and  Lapicqto.* 

»  L.  c.     8ee  also  Hefler,  Arch.  f.  exp.  Piith.  u.  Pbarm..  Bd,  28. 

« Drecbsel,  Ber,  d.  sikba.  Gcsellscb.  d.  Wissen&cb.,  1880,  S,  44,  and  Zeitftclir.  f. 
Biologic,  Bd.  83;  Baldi,  Du  Bois-Rey mood's  Arcb.,  1887.  Suppl.  S.  100:  MnPBsae, 
Zeitscbr.  f.  pbysiol.  Cbem,,  Bd,  20-  On  ficcouDt  of  the  recent  invcslignlioos  of  Biug, 
Ceatralbl.  f.  Pbysiol.,  Bd.  12.  it  ia  doublful  wbether  Jecorin  is  wot  ODly  a  mixlure  of 
sugnr  and  lecithin, 

*  Zeiitchr.  f.  phyaiol.  Chem,.  Bd.  8. 

*  Buagc,  ihid.,  Bd,  17»  S.  78;  Guillemonftl  and  Lapicf4iie,  Compt.  rend,  d©  Soc,  bioL, 
Tome  48,  and  Arch,  de  Physiol*  (5),  Tome  8. 
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THE  LIVER. 


The  Tftriation  was  great  in  Imnmn  beings.     In  men  the  qnantity  of  iron  ia  ' 
the    blood-free    liver   (blood-pigmeut  subtracted   in   the  calculation)  wu 
regnlariy  more,  and  in  women  less,  than  0.20  p.  m.  (calculated  on  the  fmh 
moist  organ).     Above  0.5  p.  m.  is  considered  as  pathological* 

The  quantity  of  iron  in  the  lirer  can  he  increased  by  iron  remedies,  u  | 
also  by  inorganic  iron  salts.  The  quantity  of  iron  may  also  be  increased  ty 
an  abundant  destruction  of  red  blood- corpuscles  or  by  an  abundant  supply 
of  dissolved  haemoglobin  in  which  also  a  supply  of  iron  combiuationi, 
derived  from  the  blood-pigments,  from  other  organs,  such  as  the  spleen  and 
marrow,  to  the  liver,  seem  to  take  place.'  A  destruction  of  blood -pigmeiita, 
with  a  splitting  olf  of  combinations  rich  in  iron,  seems  to  take  place  inthfr 
liver  in  the  formation  of  the  bile-pigments.  Even  in  invertebrates,  which 
have  no  hieuioglobiu,  the  so-called  liver  is  rich  in  iron,  from  which  l>A:?rRS  j 
and  Flobesco'  conclude  that  the  quantity  of  iron  in  the  Hrer  of  inverl 
brates  is  entirely  independent  of  the  decomposition  of  the  blood-pigmeat, 
and  in  vertebrates  it  is  in  part  so.  According  to  these  authors  the  liver 
has,  on  account  of  the  quantity  of  iron,  a  specially  important  oxidizing 
fnnction,  which  they  call  the  ''  fonction  martiale  "  of  the  liver. 

The  richness  of  the  liver  of  new-born  animals  in  iron  is  of  special  j 
interest;  a  condition  which  follows  from  the  analysea  of  St.  Zaleski,  bulfl 
especially  studied  by  Kruqer,  Meyer,  and  Fernou.     In  oxen  and  cows 
they  found  0.21*j-O.27G  p.  m,  iron  (calculated  on  the  dry  substance),  and 
in  the  cow-fu'tus  about  ten  times  as  much.     The  liver-cells  of  a  calf  a  week 
old  contain  about  seven  times  as  much  iron  as  the  full-grown  animal;  thofl 
quantity  sinks  in  the  firBt  four  weeks  of  life,  when  it  about  reaches  tb^V 
same  amount  as  in  the  grown  animal.     Lapicque*  has  also  found  that  in 
rabbits  the  quantity  of  iron  in  the  liver  steadily  diminishes  from  the  eighth 
day  to  three  months  after  birth,  namely >  from  10  to  0.4  p.  m.,  calculated 
on  the  dry  substance.     **  The  foetal  liver-cells  bring  an  abundance  of  iroa 
into  the  world  to  be  used  up,  within  a  certain  time,  for  a  purpose  not  well 
known/'     A  part  of  the  iron  exists  as  phosphate,  and  t!ie  greater  part  ia^ 
combination  in  the  ferruginous  protein  bodies  (St.  Zaleski),  fl 

Khugkii*  has  determined  the  quantity  of  calcium  in  full-grown  oxen 
and  calves,  and  finds  respectively  0.71  p.  m.  and  1.23  p.  m.  of  the  dried 
substance.  In  the  fmtus  of  the  cow  it  is  lower  than  in  calvea.  Daring 
pregnancy  the  iron  and  calcium  in  the  fcotus  are  antagonistic;  namely,  an 
increase  in  the  quantity  of  calcium  in  the  liver  causes  a  dimination  in  the 

*  See  Lspicque,  Compt,    rend.,   Tome   124.  and  Schurig,  Arch*   f,  exp,   Patli.  lUg 
Pharui.,  Bd,  41. 

*  Arcb.  de  Pliyaiol.  (5).  Tome  10. 
»  St.  Zaleaki,  1.  c:  KrUger  and  collabomtorB,  Zeitschr,  f.  Biologic*  Bd.  27:  Laplequ^ 

Maly's  Jiihreaber.,  Bd,  20. 

*  Zcitsclir.  f.  Biologic,  Bd.  81. 
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iron,  and  an  increase  in  the  iron  causes  a  decreaee  in  the  calcium.  Copper 
BWins  to  be  a  physiological  constituent.  Foreign  metals,  such  as  lead, 
sine,  and  others  (also  iron),  are  easily  taken  up  and  retained  for  a  long  time 
by  the  liver. 

V.  Bibb  A  '  found  iu  the  liver  of  a  young  man  who  had  suddenly  died 
TR2  p.  m.  water  and  "238  p.  m,  solids,  consisting  of  25  p.  m.  fat,  152  p,  m. 
proteid,  gelatin-forming  and  insoluble  substances,  and  61  p.  m.  extrac- 
tite  substances. 

Glycogen  and  its  Formation. 

Glycogen  was  discovered  by  Beenard  and  Hensen  independently  of 

Mch  other.     It  is  a  carbohydrate  closely  related  to  the  starches  or  dextrins, 

with  the  general  formula  C\n,^0^,  perhaps  G(C,H,,OJ  +  11,0  (KuLz  and 

BoKN"TRAGER),     Tlie  largest  quantities  are  found  in  the  liver  of  full-grown 

animals,  and  smaller  quantities  in  the  muscles  (Bbunard,  Nasse*).     It  ia 

'ound  in  very  small  quantities  in  nearly  all  tissues  of  the  animal  body.     Its 

occurrence  in   lymphoid   cells,  blood,  and   pus  has  been   mentioned   in  a 

irevious  chapter,  r.nd  it  seems  to  be  a  regular  couHtitueut  of  all  cells  capable 

f  development.     Olycogen  was  first  shown  to  exist  in  embryonic  tissues  by 

brnard  and  Kchxe,  and  it  Beenis  on  the  whole  to  be  a  constituent  of 

inch  tissues  in  which  a  rapid  cell-iornuition  and  cell-development  is  taking 

place.     It  is  also  present  in  rapidly  forming  pathological  swellings  (IIoppe- 

Seyler).     Certain  animals,  as  certain  mussels,  are  very  rich  In  glycogen 

(Bizio  *).     Glycogen  also  occurs  in  the  plant  kingdom,  especially  in  many 

fungi. 

The  qnantity  of  glycogen  in  the  liver,  as  also  in  the  muscles,  depends 
68Bentially  upon  the  food.  In  starviition  it  disappears  nearly  completely 
after  a  short  time,  hut  more  rapidly  in  snmll  than  in  large  animals^ 
and  it  disappears  earlier  from  the  Mver*  than  from  the  muscles.  After 
partaking  of  food,  especially  when  rich  in  carbohydrates,  the  liver  be* 
comes  rich  again  in  glycogen,  the  greatest  increment  occorring  14  to  16 
honrs  after  eating  (KCjlz*).  The  qnantity  of  liver-glycogen  may  amount 
to  120-1  GO  p.  m.  after  partaking  of  large  quantities  of  carbohydrates. 
Ordinarily  it  is  considerably  less,  namely,  12-30  to  40  p.  m.     According  to 

^M      *  6ee  v.  Gorup-Besanez,  Li'brbucb,  4.  Aufi.,  B.  711, 

^B  '  Cl.  Beniftrtl,  Compt.  rend.,  Tome  44,  p.  578;  and  ITeDseD,  Vircbow's  Arcb.,  Bd, 
Hll.  8.  395;  Ktllzftnd  Bomtrttger,  PllUgcr's  Arck.,  Bd.  24,  S-  Itt;  Nosse,  ibid,,  Bd.  2. 
■fi.  97. 

^f        •  Beraard,  Compt.  rend.,  Tome  48;  KHhn*-,  Lebrbuch  d.   pbyHlol.   Cbem..  8,   807; 
Hoppe-Seyler,  PflUger's  Arch,.  Bd.  7,  B.  40«  ;  Bizio.  Conipl.  rend..  Tome  62, 

*  See  Aldeboff ,  Zeilschr.  f.  Biologie,  Bd.  25,  wblcb  contaius  a  summary  of  llit?  bter- 
ilure,     Hergeiibnhn,  ihid.,  Bd.  27. 

*  PflQger's  Arcb.,  Bd.  24.     Tbis  Important  article  contains  oumerous  dala  in  regard 
10  Ibe  literature  of  glycogen. 
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Cuzntu*  the  qumxtity  of  gljeogitfi  m  plinu  (jem§i-ee11i>  »,  as  In  animmln, 
dtptDilant  opoti  tiM  food.  Aocordtn^  to  him  the  TeMMselk  ooaiaiii  glj- 
eogiaiii  wfatefa  dtwippiBri  from  lb#  odb  io  the  aQto-fermeDtatioa  of  the  t^lft , 
belt  roaiipoari  on  the  ioirodoclion  of  tbe  eelU  into  a  sagar  solotiofi* 

Tho  qumniiij  of  gljoogffi  of  the  IiTer  (and  also  tbe  masdes)  is  oi^o 
dopofidool  opon  reft  and  aettfiljr,  bocsaie  during  rest,  as  in  bib^roation,  it 
ineroaieif  and  during  work  ii  dtminithes,  KtLZ  has  shown  that  hj  hard 
work  tbe  quantity  of  glycogen  in  the  liver  (of  dogf)  is  rednoed  to  a 
minimnm  in  a  few  hours.  The  muscle-glycogeu  does  not  diminish  to  tbe 
•aine  extent  as  the  Ii?er-glycogen.  KClz'  was  able  to  completely  oonsome 
the  livof'  as  well  an  the  tnnscle-glycogen  of  a  rabbit  in  ^5  boars  by  qnal^ 
Ified  itrychnin  poiiioning/ 

Glycogen  forms  an  amoq>hoos,  white,  tasteless,  and  inoiiorons  powder. 
It  gifes  an  opalescent  solution  with  water  which,  when  allowed  to  evaporate 
on  tli*j  watcr-bntli,  fonnii  a  jiellicle  over  the  surface  that  disappears  again  on 
cooiirig.  The  solution  is  dextrogyrate,  (iir)D  =  +  196***63  (IlrppERT*). 
ThespornHc  rotut^iry  |>ower  Is  gifen  somewhat  dilTerently  by  varioas  inves- 
tigators. A  solution  of  glycogen,  especially  on  the  addition  of  XaCl,  is 
colored  wine-red  by  iodine.  It  may  hold  copper  oxyhydrate  in  solution  in 
alknltno  liquids,  but  does  not  reduce  it,  A  solution  of  glycogen  in  water  is 
not  pnnnpitated  by  potassiurn'murcuric  iodide  iind  hydrochloric  acid,  but  is 
pi'enipitated  by  alcohol  (on  tbe  addition  of  NaCl  when  necessary)  or 
anniMinirical  banio  lead  acetato.  It  gives  a  white  granular  precipitate  of 
boiiAovl  glycogen  with  benzoyl  chloride  and  caustic  soda.  Glycogen  is  com- 
pletely precipitated  by  saturating  its  solution  at  ordinary  temperatures  with 
nittgntisiuni  or  animonitim  wulphato.  It  is  not  precipitated  by  sodium 
chloride  or  half  saturating  with  ammoninm  snlphate  (Xasse,  Necmeistee, 
Hai.MBITRTok,  YouKa  *).  Glycogen  is  not  decomposed  on  prolonged 
boiling  with  illlute  cauBtic  potiiBli,  but  it  seems  to  be  changed  slightly 
(ViNTsniiJAU  and  Diktl*)*  By  diastatic  enzymes  glycogen  is  converted 
into  maltose  or  dextrose,  depending  upon  the  nature  of  the  enzyme.  It  is 
transformed  into  dextrose  by  dilute  mineral  acids*  According  to  Tehd/ 
various  dextrins  appear  as  intermediary  steps  in  the  saccharitication  of 
glycogen,  depending  on  whether  the  hydrolysis  is  caused  by  mineral  acids 
or  enr^ymes. 

^'  Zv*iUebr,  f.  Btologte.  Bd.  81. 

*  PCIUffvr'i  Arch..  Bd.  24.  sad  **  BeLttftgv  xur  KeuDttdss  des  Glykogeas/'  C  Lud- 
wift**  F^sUchrifL    Marburg.  189L 

'  111  rognnl  to  tho  artlnn  of  ci[H3r(rnoRUt  bilG-«U>ppsge  on  Uio  €|ijsatj|y  of  glyCQigeD 
lu  tbo  llv^r,  »ee  Hcuk/.,  Arch.  T  €Kp.  Psib.  u.  Pbsnn.»  Bd.  41. 
*Z,»!i%**hr   f   phyMol  Cbcm..  Bd.  18. 

*  ^  Jount.  ckf  Phj»lol..  Vol,  28,  wbsiv  tlie  olber  lav«itigiitort  ire  cited, 
n                 utJh,  Bd.  18.  a  $51 

'  Joara,  or  Pb>^iol.,  Vol.  88. 


PREPAHATiON  OF  OLYCOGBK. 


213 


The  preparation  of  pure  glycogen  (simplest  from  the  liver)  is  generally 
performed  by  the  metbod  saggested  by  Baf  cke,  of  which  the  main  points 
are  the  following:  Immediately  after  the  death  of  the  animal  the  liver  is 
thrown  into  boiling  water,  then  llnely  divided  and  boiled  several  times  with 
fresh  water.  The  filtered  extract  is  now  sufliciently  concentrated,  allowed 
to  cool,  and  tlie  proteids  removed  by  alternately  adding  potaseinm-mercuric 
iodide  and  hydrochloric  acid.  The  glycogen  is  precipitated  from  the 
filtered  liquid  by  the  addition  of  alcohol  until  the  liquid  contains  CO  vols, 
per  cent.  The  glycogen  is  first  washed  on  the  filter  with  00;*  and  then 
with  i^b%  alcohol,  then  treated  with  ether  and  dried  over  snlphnric  acid. 
It  is  always  contaminated  with  mineral  snbBtancee.  To  be  able  to  extract 
the  glycogen  from  the  liver  or,  especially,  from  muscles  and  other  tissaee 
completely,  which  is  essential  in  a  quantitative  estiomtion,  these  parts  must 
first  he  boiled  for  a  few  hours  with  a  dilute  solution  of  caustic  potash,  say 
4  gms,  KG II  to  100  gma.  liver  and  4U0  e.c.  water. 

TJie  quantiUvtive  estimation  is  best  performed  according  to  the  described 
method  of  BhCcke-Kulz.*  It  is  to  be  observed  that  it  is  necessary  to  heat 
the  liver  for  2-3  hours  and  muscle  4-^  hours  with  caostic-potash  solution. 
This  liquid  must  not  be  concentrated  too  far,  an*!  must  not  contain  more 
than  2^  caustic  potash.  It  is  neotralized  by  hydrochloric  acid  and  precipi- 
tated  by  the  uUernate  addition  of  potassium-mere  uric  iodide  and  hydro- 
chloric acid.  The  precipitate  must  bo  removed  from  the  filter  at  least  four 
times,  snspended  in  water  with  the  addition  of  a  few  drops  HCl  and 
potaasinm-mercuric  iodide,  and  refiltered  so  that  all  the  glycogen  is  obtained 
in  the  filtrates.  These  are  then  precipitated  with  double  their  voluDie  of 
alcohol,  filtered  after  1*2  hours,  the  precipitate  dissolved  in  a  little  warm 
water,  treated  on  cooling  with  HCl  and  potassium-mercuric  iodide,  filtered, 
and  the  filtrate  again  precipitated  with  alcohol.  Filter  and  carefully  wash 
the  contents  of  the  filter  with  alcohol  and  ether,  dry,  weigh,  and  incinerate 
to  determine  the  qnantity  of  tish  present.  It  is  to  be  recommended  to 
always  test  for  nitrogen  in  a  weighed  part  of  the  dried  and  weighed  precipi- 
tate. If  it  contains  nitrogen,  another  weighed  part  is  boiled  with  dilute 
acid  and  converted  into  sugar,  which  is  determined  by  titration. 

It  sometimes  happens  that  the  liquid,  after  complete  pi-ecipitation  of  the 
proteids  with  HCl  and  potassinm^mercurie  iodide,  is  cloudy  and  does  not 
filter  clear.  In  this  case  add  2-2^  vols.  95^  alcohol  according  to  PrLU(iKK*s  * 
suggestion.  After  the  liquid  becomes  clear  and  the  precipitate  bus  settled 
it  can  be  filtered.  The  precipitate  is  dissolved  in  a  2^  caustic-potash  solu- 
tion and  again  precipitated  by  hydrochloric  acid  and  potassium-mercnric 
iodide*     Then  proceed  as  above  described. 

We  must  refer  the*  reader  to  the  original  communications  in  regard  to 
the  modifications  of  the  above  methods  as  suggested  by  Salkowski  and 
Ai'STiN  and  Pfluoer,  and  also  Huizinga's  and  Fkankel's'  methods. 

Besides  glycogen  Seeoen  *  finds  in  the  liver  another  carbohydrate  which 


«  See  R.  KQlz,  ZdtJ^chr.  f.  Biologic,  Bd.  22,  S.  lei. 

•  PflQger's  Arcli.,  Bdd,  ^  nod  55. 

'  Aiisiin,  Yirchow's  Arrh.,  Bd.  150;  Ptlftger  in  PfltSger's  Arcb.,  Bd.  71.  8.  820; 
Hui2itig'^  ihiil,  Bd.  01  ;  Frtlukeh  ibid.,  Bdd*  63  and  55w  See  tdsa  WoidcDbaum,  ^bid.^ 
Bdd.  54  jitid  55. 

*  CcutralbL  f.  Ph^aioh,  Bd.  12. 
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is  soluble  in  water,  has  a  reducing  action,  and  which  he  designates  '*li%"* 
dextrin/'  On  heating  with  dilute  hydrochloric  acid  in  a  sealed  tube  it^  ^' 
transformed  into  glacose.  On  treating  the  liver,  according  to  the  Biuric  ^^"^ 
KClz  method,  this  body  goes  into  solution  and  is  only  precipitated  Xo  ^ 
slight  extent  with  the  glycogen.  Complete  precipitation  only  takes  pb 
in  the  presence  of  OQ^  alcohol  or  above. 

Nameroos  investigators  have  endeavored   to  determine   the  origin  cr 
glycogen  in  the  atumal  body.     It  is  positively  established  by  the  nnanimois 
observations  of  many  investigators '  tlmt  the  varieties  of  sugars  and  tlieS 
anhydrides,   dextrins  and  starches^  have   the   property  of   increasing  th 
qoantity  of  glycogen  in  the  body.     The  action  of  inalin  seems  to  be  some 
what  uncertain.*     The  statements  are  somewhat  dispnted  in  regard  to  th  - 
actioo    of    the   peuloses.     Ckemee   found   that  various   pentoses^  snch  ^ 
rhanmose,  xylose,  and  arabinose,  have  a  positive  influence  on  the  glycofei 
formation  in  rabbits  and  hens,  and  Salkowski  obtainetl  the  same  r^ni  '^ 
on   feeding  rabbits  and  a  hen   on   arabinose.      Frentzel  found,  on  th^a 
contrary,  no  glycogen  formation  on  feeding  xylose  to  a  rabbit  which  luic3. 
previously  been  made  glycogen -free  by  strychnin  poisoning.' 

The   heioses,  and   the  carbohydrates  derived  therefrom,  do  not  il  ^ 
possess  the  ability  of  forming  or  accumulating  glycogen  to  the  same  eit^nt— - 
Thus  C.  VoiT*  and  his  pupils  have  shown  that  dextrose  has  a  more  powerfn.^^^ 
action  than  cane-sugar,  while  milk-sugar   acts  disproportionately  lesa  (ii^^ 
rabbits  and  hens)  than  dextrose,  laevulose,  cane-sugar,  and  maltose,    Tbfl^* 
following   substances   wlien   introduced    into   the   body   also   increase  tbfr 
quantity  of  glycogen   in   the  liver:   ghjcerin^  gelatin^   arhutin,   and  alfiO, 
according  to  the  investigations  of  Kltlz,  eryihrit,  quercit,  dulcit,  mannit, 
inosii^  alitfl  and  cr&iyl  alcohols^  gh/curojiic  anhifdride^  saccharic  acidy  mncie 
acid,    sodium   tartrate^    saccharin^    isosaccharin^   and    urea.      Ammonium 
carbonate^  gh/eocoU^  and  asparugiti  may  also,  according  to  RooiiAjcx,  caoee 
an  increase  in  the  amount  of  glycogen  in  the  liver.     According  to  Nebel- 
THAU  otlier  ammonium  salts  and  certain  amides,  also  certain  narcotia^ 
hypnotics^  and  antipyretics ^  produce  an  increase  in  the  glycogen  of  the 
liver.     This  action  of  the  antipyretics  (especially  antipyrin)  had  been  sbawo 
by  LEPiNEand  Portebet.* 


^  In  refereiica  to  the  literature  on  this  aubject  i«e  E.  KUlst.  PtiClger*s  Arcb,,  Bd.  24* 
aod  LtidwIgFeslschrift,  1891;  Wolffberg.  Zeilschr.  f.  Biologle,  Bd.  13,  and  C.  Volt, 
iWri..  Bd.  28,  S.  245. 

«  See  Mliira,  Zeitachr.  f.  Blologle,  Bd.  82. 

*  CrcQier.  Zeilschr.  f.  Biologic,  Bd.  2fi,  S.  586  ;  Salkowakl,  Cenlralbl.  f.  d.  mid. 
Wlssenach.,  1893,  No.  11;  Freiit/xl,  Pflllger's  Arch..  Bd.  56. 

*  Zeiiachr.  t  Biologic,  Bd.  28. 
»  ROhmann,  Pflllger'a  Arch..  Bd.  39  ;  Kebelthau.  ZeiUchr.  f.  Biologic,  Bd  28; 

terct,  Compt.  rend.,  Tome  106. 


FORMATION  OF  GLVCOGEK 


213 


The  fata,  notwithstanding  the  above-mentioned  action  of  gljcerm,  have 
oo  action  on  the  quantity  of  glycogen  io  the  liver,  according  to  the  state- 
menta  of  most  investigators.  According  to  Cocvbeuh  "  the  glycogen  ia 
increased  at  the  expense  of  the  fat  in  the  silk-worm  larva  as  it  changes  into 
a  chrysalis-  The  views  in  regard  to  the  action  of  proteids  have  been  very 
contradictory  in  the  past*  It  is  nndonbtedly  settled  from  many  observa- 
tions that  the  proteids  also  increase  the  liver-glycogen.  Amongst  these 
observations  we  mnst  include  certain  feeding  experiments  witli  boiled  beef 
(Nauntn)  or  blood-fibrin  (v.  Merino),  and  especially  the  very  careful 
eiperiments  made  by  E.  Kulz  on  hens  with  pure  proteids,  such  as  caaein, 
seralbumin,  and  ovaibtimin*  Wolffberg*  has  also  shown  that  a  more 
abundant  accumulation  of  glycogen  takes  place  after  feeding  with  proteids 
and  carbohydrates  in  proper  proportions  than  with  carbohydrate  food  alone 
with  only  a  little  proteid. 

If  we  raise  the  question  as  to  the  action  of  the  various  bodies  in  the 
accumcilution  of  glycogen  in  the  liver  we  must  call  to  mind  that  a  forma- 
tion of  glycogen  takes  place  in  this  organ,  and  also  a  consomption  of  the 
same.  An  accamalation  of  glycogen  may  be  caused  by  an  increased  forma- 
tion  of  glycogen,  but  also  by  a  diminished  conaomption,  or  by  both. 

We  do  not  know  how  all  the  above-mentioned  various  bodies  act  in  thia 
regard.  Certain  of  them  probably  have  a  retarding  action  on  tlie  transfor- 
mation of  glycogen  in  the  liver,  while  others  perhaps  are  more  combnstible 
and  in  this  way  protect  the  glycogen.  Some  probably  excite  the  liver-cells 
to  ft  more  active  glycogen  formation,  while  others  yield  material  from  which 
the  glycogen  is  formed  and  are  glycoffen-farmenK  in  the  true  sense  of  the 
word.  The  knowledge  of  these  last-mentioned  bodies  is  of  the  greatest 
importance  in  the  question  as  to  the  origin  of  glycogen  in  the  animal  body, 
and  the  chief  interest  attaches  itself  to  the  question,  to  what  extent  are  the 
two  chief  groopsof  food,  the  proteids  and  carbohydrates,  glycogen- fo rm ers  ? 

The  great  importance  of  the  carbohydrates  in  the  formation  of  glycogen 
has  given  rise  to  the  opinion  that  the  glycogen  in  the  liver  is  prod  need  from 
other  carbohydrates  (glucose)  by  a  synthesis  in  which  water  separates  with 
the  formation  of  an  anhydride  (Lltchsingeu  and  others),  Thia  theory 
(anhydride  theory)  has  found  upponents  because  it  neither  explains  the 
formation  of  glycogen  from  such  bodies  as  proteids,  carbohydrates,  gelatin, 
and  others,  nor  the  circumstance  that  the  glycogen  is  always  the  same 
independent  of  the  properties  of  the  carbohydrate  introduced,  whether  it  is 
dextrogyrate  or  Isevogyrate.  It  is  therefore  the  opinion  of  many  investigators 
that  all  glycogen  is  formed  from  proteid,  and  that  this  splits  into  two  parts. 


'  Compt,  rend,  de  Soc.  bbl..  Tome  47, 

•  Kulz,  cited  Festschrift,  wliere  the  other  investigationt  inajbe  be  found;  Wolffberg, 
Zeitftchr.  f.  Btolo^e.  6d.  IS. 
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one  containiog  nitrogen  and  the  other  being  free  from  nitrogen :  the  latter  is 
the  glycogen.  According  to  these  views,  the  carbohydrates  act  only  io  thit 
they  spare  the  proteid  and  the  glycogen  produced  therefrom  {sparing  tfuor^ 
of  Weiss,  Wolffbero,  and  others*). 

In  opposition  to  this  theory  C.  and  E,  Voit*  and  tbeiT  pnpils  hfttt 
shown  that  tlie  carbohytl rates  are  *'  true  glycogen-formers/'  After  partak- 
ing of  large  qnautities  of  carbohydrates  the  amount  of  glycogen  stored  up 
in  the  body  is  sometinies  so  great  that  it  cannot  be  covered  by  t!ie  proteids 
decomjiosed  during  the  same  time,  and  in  these  cases  we  most  admit  of  i 
glycogen  fornmtion  from  the  carbohydrates.  The  three  ordinary  mono- 
saccharides and  disaccharides  are  true  glycogen -formers.  Lactose  and  cane- 
Bugar  when  injected  Bobcutaneoiisly  reappear  nearly  entirely  in  the  urine 
(Dastre,  Fr.  Yoit),  and  they  mnst  therefore  first  undergo  an  inversioQ  in 
the  intestinal  canal  before  they  form  glycogen.  Maltose,  which  is  also  split 
in  the  blood,  passes  only  sliglitly  into  the  urine  (Dastre  and  BorRQrEJjOT^ 
and  others),  and  it  can  therefore,  like  the  monosaccharides,  be  of  Talueia 
the  formation  of  glycogen  even  after  snbcutaneouB  injection  (Frt,  Voit') 

There  is  no  doubt  that  feeding  with  pure  proteids  leads  to  an  accumnk- 
tion  of  glycogen,  and  at  the  present  time  we  must  admit  that  glycogen  can 
be  formed  from  proteids  as  well  as  from  carbohydrates. 

The  manner  in  which  glycogen  is  formed  from  proteids  is  not  known. 
The  view  held  by  certain  investigators  that  carbohydrates  split  off  directly 
from  the  genuine  proteids  baa  this  foundation,  that  certain  investigators^ 
especially  Pavy,  have  been  able  to  split  olf  carbohydrate  groups  from 
proteids.  As  it  is  donbtful  whether  such  a  carbohydrate  can  be  derived 
from  actoally  pure  proteid  ancontaminated  with  glycoproteids,  and  also  as 
Bnch  proteidg  as  casein,  from  which  no  carbohydrate  can  be  prepared,  cause 
an  accomulation  of  glycogen,  we  most  for  the  present  explain  the  formation 
of  glycogen  from  proteids  simply  by  the  assumption  that  a  carbohydrate 
group  is  split  oif.  Pfluger-is*  theory  is  therefore  often  cited  to  explain 
the  formation  of  glycogen.  According  to  this  theory  the  glycogen  is  formed 
by  a  complex  cleavage  of  the  proteid  accompanied  by  a  synthesis. 

Like  t!ie  carbohydrates  in  general,  glycogen  has  without  any  doubt  a 
giBat  importance  in  the  formation  of  heat  and  development  of  energy  in 
the  animal  body.  The  possibility  of  the  formation  of  fat  from  glycogen 
cannot  be  denied/     Glycogen  is  generally  considered  as  accumulated  resenre 

»  See  Wolflberg,  1.  c,  iu  regard  lo  ibese  two  llieories, 

*  E.  Voit,  ZeitBchr  f.  Biologic,  Bd.  25.  S,  543,  iind  C.  Voit.  tWrf,.  Bd.  38.  See  alio 
KauBch  and  Socin,  Arch.  f.  exp.  Path.  n.  Phnrm  ,  Bd.  31. 

'  Djistre,  Arch,  do  Physiol  (5),  Tome  3,  1891;  Diisire  iind  Bouniuelot,  Conipl.  reod.. 
Tome  08;  Fritz  Voit.  VerhandU  d.  Geselhi^li.  f.  Morph.  u.  PhysioU  in  Manchen.  1S9<5. 
und  Dt'utach.  Arch.  f.  kliti.  MetK,  Bd,  58. 

*  PflQger's  Arch*.  Bd.  42. 

*  Sec  especially  NoCl-Palon,  Journ.  of  PhyskiL,  Vol.  Ifl, 
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food  in  the  liver  and  formed  in  the  Hver-cellB.     Where  does  the  glycogen 

[existing  in   tbe  other  organs,  such  aa   the  mascleB,  originate?    Is  the 

klycogen  of  the  mnscles  formed  on  the  Bpot,  or  is  it  transmitted  to  the 

^muscles  by  the  blood  ?     These  questions  cannot  yet  be  answered  with  posi- 

tiTeaeas,  and  the  investigations  on  this  subject  bjdiiterent  experimenters 

Lave  given  contradictory  restiUs,    The  later  ex  peri  men  ta  of  KuLz,'  in  which 

he  studied  the  glycogen  formation  by  passing  blood  containing  cane-sugar 

through  the  muscle,  has  led  to  no  conclusive  results.     Still  tlie  formation 

of  glycogen  from  sugar  in  the  muscles  is  probable.     There  is  no  doubt  that 

glycogen  is  formed  in  the  muscles  dnring  embryonic  life. 

If  we  consider  that  the  blood  and  lymph  contain  a  diastatic  enzyme 
"which  transforms  glycogen  into  sngar,  and  also  that  the  glycogen  regu- 
larly occurs  in  the  form-elements  and  is  not  dissolved  in  the  iinitlR,  it  seems 
probable  that  the  glycogen  is  not  traBsmitted  by  the  blood  to  the  organs  in 
sohition,  but  perhaps  more  likely,  if  the  leucocytes  do  not  act  as  carriers,* 
is  formed  on  the  spot  from  tlie  sugar,'  The  glycogen  formation  seems  to 
be  a  general  fnnction  of  the  cells.  In  adults  the  liver,  which  is  very  rich 
in  cells,  baa  the  property,  on  account  of  its  anatomical  position,  of  trans- 
forming large  quantities  of  sugar  into  glycogen. 

I       The  question  now  arises  whether  there  is  any  foundation  for  the  state- 
znent  that  the  liver-glycogen  is  transformed  into  sngar. 

As  first  shown  by  Bernard  and  repeated  by  many  investigators,  the 
glycogen  in  a  dead  liver  is  gradnally  changed  into  sugar,  and  this  sugar 
formation  is  caused,  as  Bernard  supposed  and  ARTnrs  and  IlrHEii,  and 
recently  Pavy,*  proved,  by  a  diastatic  enzyme-  This  post-mortem  sugar 
formation  led  Bernard  to  the  assumption  of  the  formation  of  sugar  from 
glycogen  in  the  liver  during  life.  Bernard  suggested  the  following  argu- 
ments for  this  theory;  Tbe  liver  always  contains  some  sugar  under  physio- 
logical conditions,  and  the  blood  from  the  hepatic  vein  is  always  somewhat 
richer  in  sugar  than  tbe  blood  from  the  portal  vein.  The  correctness  of 
either  or  both  of  these  statements  has  been  disputed  by  many  investigators. 
Paw,  Rittkr,  Schiff,  Eulenberg,  Lussana,  Areles,  and  others  deny 
the  occurrence  of  sugar  in  the  Jirer  during  life,  and  tbe  greater  amount 
of  dextrose  in  the  blood  from  the  hepatic  vein  ia  likewise  disputed  by  them 
and  certain  other  investigators/ 

*  See  Miokowaki  aad  Liiwes,  Arch.  f.  exp.  PhUj.  u.  Plinrm..  I5d.  23;  KQlx,  Zeltschr. 
f.  Biologie,  Bd.  27. 

*  Sec  Dftstre,  Coinpt.  nntL  de  8oc,  biol..  Tome  47,  p.  280,  ami  Kaufmnnn,  ibid.,  p. 
816. 

*  ArthuB  and   liuhei»   Arch,   de  PhyiioL   (5),   Tome  4,   p,  659;   Pavy,  Joiirual  of 
t Physiol.  Vol.  22. 

Id  regard  to  the  lilernturt*  ou  sugar  formalioc  in  the  liver  see  BenmnJ.  Le^aiifi  sur 
jlcdmbt^te.  Paris.  1877;— SifC[;t'ti,  Die  Zuckerbilduug  lai  Tit*rkOrp<;r.  Berlin,  IHIK);— 
131.  Bial,  PflQger's  Arch,.  Bd.  55,  S.  iM. 
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Til©  doctrine  as  to  tb©  ph jeiological  formation  of  angar  in  the  liver  lui 
obtained  an  eoorgetic  advocate  in  Skegex,  lie  maintains,  after  numerooi 
experiments,  tbat  the  liver  regnlarly  contains  considerable  amounts  of  sagar. 
He  has  observed  an  increase  of  Z^  in  the  qoantity  of  dextrose  in  the  liTerof 
a  dog  kept  alive  bj  passiog  arterial  blood  through  the  organ,  and  lastly  he 
has  also  found  in  a  very  great  number  of  experiments  on  dogs  that  the  blood 
from  the  hepatic  vein  always  contains  more^ — even  doable  as  much — mpt 
than  the  blood  from  the  portal  vein.  MossE  and  Zuntz  *  have  recently 
made  objections  as  to  the  correctness  of  this  laat  statement,  and  it  follows 
from  the  varions  researches  on  this  question  that  when  disturbing  infln- 
ences  are  prevented  the  blood  from  the  hepatic  vein  is  only  very  little  richer 
in  sugar  than  the  blood  from  the  portal  vein.  Bing'  has  not  been  able  to 
detect  an  appreciable  difi^erence  in  the  quantity  of  reducing  substance  in 
the  portal  vein  as  compared  to  the  hepatic  vein.  SEErfEN\s  asfiumption 
of  the  formation  of  sugar  from  proteid  or  fat  in  the  liver  has  been  tested 
by  ZuNTZ  and  Cavazzaki,'  In  no  ciise  could  they  find  a  greater  formation 
of  sugar  tiian  what  corresponded  to  the  glycogen  consumed. 

Although  Skbgek  energetically  espouses  the  doctrine  of  Bernard  as  to 
the  vital  sugar  formation  in  the  liver,  still  it  deviates  essentially  from 
Bernard  in  tbat  he  claims  the  sngar  is  not  derived  from  the  glycogea. 
According  to  Seegen  the  sngar  is  formed  from  peptones  and  fat.  The 
observations  on  which  he  bases  this  view  seem  hardly  to  be  correct,  accord- 
ing to  the  control  experiments  made  by  many  i n vest i gators.  The  state* 
ment  of  Lepine  as  to  the  occurrence  of  an  enzyme  in  the  blood  which 
has  the  property  of  transforming  peptone  into  sugar  could  not  be  sub- 
atantiated.* 

The  formation  of  carbohydrate,  or  glucose  from  fat,  a  process  which 
nndonbtedly  occurs  in  the  plant  kingdom^  is  also  admitted  for  the  animal 
body,  namely  by  French  experimenters,  especially  Chauveau  and  Kait- 
MANN.  At  present  we  have  no  positively  conclusive  proof  for  such  a  view. 
The  recent  investigations  of  J.  Weiss  seem  to  sliow  a  formation  of  sngir 
from  fat  in  the  liver,  while,  on  the  contrary,  the  observations  of  Montuor] 
contradict  soch  a  process.'     This  question  is  therefore  disputed. 

The  circumstance  that  the  blood-sngar  rapidly  sinks  to  |-i  of  its  original 
quantity,  or  even  disappears  when  the  liver  is  cut  out  of  the  circnlatioa, 


1 


'  Seegen,   Die  Zwckerblldung,  etc.,  and  Centralbl.   f.   Pbyalol.,    Bd.    10,  S.  i97  and 
822;  ZuntK,  ibi^l,  B.  5fil:  Mosse.  PflUger's  Arcli.»  BtL  63.  J 

*  **  ITodersdgelscr  over  reducereatle  Siibstnoscr  i  B  lode  I/'    KObeohsiVn.  1899.  ^ 

*  Arch.  f.  AtiaL  u.  Pliysiol,  pbysioL  Ablb.,  1898. 

*SeeBial  PflUt'ei'a  Arcb.,  Bd.  55;  Lepiae,  Compt.  reud.^  Tomes  115  aud  Ud;  aUo 
A*  Ciivazzuni  aud  A,  Lozziito,  Maly's  Jabrc'iber, ,  Bd.  24;  PadeH,  ibid, 

*  Kaufinarm,  Arch,  de  Physiol.  (5),  Tome  8,  where  Chauveau  is  al»o  cited;  Wela^, 
Zeltscbr.  f.  pbydol.  Cbem,,  Bd.  24;  Honluorl,  Maly's  Jahresben,  Bd,  26. 


SUGAR  FORMATION  m  THE  LIVER. 


219 


Bpe&ks  for  a  vital  formatiou  of  sugar  in  the   liver  (Seegen»  Bock,  and 
Hopfma^k;  Kaufmakxj   Takgl  and  IIauley),     Id  geese  wlioee  livers 
were  removed  from  the  circulation  iliXKOWsKi  found  no  sugar  in  the  blood 
I      after  a  few  hoara.     On  removing  the  liver  from  the  circulation  by  tying  all 
Hibe  vessels  to  and  fi-om  the  organ,  the  quantity  of  sngar  in  the  blood  on 
^drawing  is  not  increased  (Scitenck  *),     We  will  also  learn  shortly  of  certain 
poisons  and  operative  changes  which  may  caase  an  abundant  ellnii nation  of 
engar,  bnt  only  when  the  liver  contains  glycogen.     If  we  recall  the  fact 
shown  by  Ron  man  x  and  Bial  that  the  lymph  as  well  as  the  blood  contains 
a  diastatic  enzyme,  then  several  reiisons  speak  for  the  view  of  Bern  a  Kit 
that  the  post-mortem  formation  of  sugar  from  the  glycogen  in  the  liver  is  a 
continuation  of  the  vital  process.     Although  it  is  unanimous  that  the  post- 
morteni  sugar  formation  is  produced  by  a  diastatic  enzyme,  still  several 
ioveatigators,  such  as  Dastre  and  Noel-Paton,  and  E.  Cavazzani,*  are 
of  the  view  that  sugar  formation  is  not  caused  in  life  by  an  enzyme,  but  by 
a  vital  process  of  the  cell  protoplasm. 
H        The  relationship  of  the  sugar  eliminated  in  the  urine  under  certain  con- 
editions,  such  as  in  diabetes  melhtus,  certain  intoxications,  lesions  of  the 
nerrons  system,  etc,,   to  the  glycogen  of  the  liver  is  also  an  imiiortimt 
question. 

It  does  not  enter  into  the  plan  and  scope  of  this  book  to  discuss  in 
letail  the  various  views  in  regard  to  glycosnria  ami  diabetes.     The  appear- 
ance of  dextrose  in  the  urine  is  a  symptom  which  may  hare  essentially  differ- 
ent canses,  depending  upon  different  circumstances.     Duly  a  few  of  the 
znoet  important  points  will  be  mentioned. 

The  blood  contains  always  about  an  average  of  1.5  p.  m.,  while  the 

1  urine  at  most  contains  only  traces.     When  the  quantity  of  sugar  in  the 

^l»laod   rises  to  3  p.  m.  or  above,  then  sugar  passes  into  the  urine.     The 

kidneys  have  the  property  to  a  certain  extent  of  preventing  the  passage  of 

blood-sugar  into  the  urine;  and  it  follows  from  this  that  an  elimination  of 

sugar  in  the  urine  may  be  caused  partly  by  a  reduction  or  suppression  of 

thifl  above-mentioned  activity  and  partly  also  by  an  abnormal  increase  of  the 

^quantity  of  sugar  in  the  blood, 

\       The  first  seems,  according  to  v.  Merino  and  Minkowski,  to  be  the 

case  in  phlorhizin  diabetes,     v.  >[erikg  has  found  that  a  strong  glycosuria 

.appears    in    man    and   animals    on    the    administration    of    the   glucoside 

1  phlorhizin.     The  sugar  eliminated  is  not  derived  from  the  glucoside.     It  is 

*  Seegerip  Bock  aod  HoffniMiin,  Fee  Seegen.  1.  c,  8,  182-184;  Eaufmanu,  Arch,  de 
Physiol.  (5),  Tome  8;  Tangl  und  Hailey,  PHQger^s  Arch,,  Bd.  61;  Minkowski.  AitIk  f. 

f-eip.  Pft'.h.  u.  Pbarm.,  Bd.  21;  Schtnck^  PflUger's  Arc!i..  Bd.  57. 

*  ROhmftiin  aod  Blah  see  fo<Jt-DOie  3,  page  133;  KoCl-PHton,  "On  Hepatic  Glyco- 
^g^esis/'  Pbil.  Trans,  of  tlie  Roy.  Soc.  London,  Vol  185,  aod  Jotira.  of  Pliysiol.,  Voh 
.23;  Qivazzani.  Centmlbl.  f.  Pliysfol.,  Bd.  8. 
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formed  in  the  animal  body,  aud  in  fact,  at  least  on  prolonged  starratio&i 
from  the  protein  siibstaaces  of  the  body.  Accordiiig  to  Contejean  the  sugar 
is  partly  if  not  entirely  derived  from  the  fats,  but  according  to  the  invegtiga- 
tions  of  Lusiv  such  an  assumption  is  not  admissible.  When  sugar  is  formeil 
from  proteid  2.8-2.8G  parts  sugar  occnr  for  every  1  part  nitrogen  in  the 
urine  (Minkowski  and  Chauveac);  still  Conte.teax  found  a  considerabiT 
greater  quantity  of  sugar  in  phiorhiziti  diabetes,  which  led  Iiim  to  the  above 
riew.  According  to  LusK  a  relatively  greater  quantity  of  sugar  is  eilrai- 
nated  the  first  day,  by  a  washing  out  of  the  sngar  present,  but  then  tLe 
relationship  of  2.8  :  1  occurs  and  the  sugar  formation  seems  actnally  to  be 
derived  at  the  expense  of  the  proteids.  The  qnantity  of  sugar  in  the  blood 
is  not  increased  but  rather  diminished  in  pblorhizin  diabetes  (Minkowski), 
which  tends  to  show  that  an  abnormal  elimination  of  sagar  takes  place 
through  tire  kidneys.  This  statement  is  disputed  by  certain  investigatorg, 
Levenk  and  Pavy,  and  the  qoeBtion  is  sitU  unsettled.' 

With  the  exception  of  pblorhizin  diabetes,  which  is  dependent,  accord- 
ing to  the  ordinary  views,  upon  a  change  in  the  kidneys,  all  other  forma  of 
glycosuria  or  diabetes,  as  far  as  known  at  present,  depend  on  a  hypergh- 
cwffiia. 

A  hyperglucauiiia  may  be  cansed  in  various  ways.  It  may  be  caufled» 
for  example,  by  tlie  introduction  of  more  sugar  than  the  body  can  destroy 

The  i>roperty  of  the  animal  body  to  assimilate  tlie  different  varieties  of 
sugar  has  naturally  a  limit.  If  too  much  sugar  is  introduced  into  the  intes- 
tinal tract  at  one  time,  so  that  the  so-called  assimilation  limit  (see  Chapter 
IX,  on  absorption)  is  overreached,  then  the  excess  of  absorbed  sugar 
passes  into  the  urine.  This  form  of  glycosoria  is  called  alimeniary  glyeo- 
suria,^  and  it  is  caused  by  the  passage  of  more  sugar  into  the  blood  than 
the  liver  and  other  organs  can  destroy. 

Aa  the  liver  cannot  transform  all  the  sngar  into  glycogen  which  cornea 
to  it  in  alimentiiry  glycosuriaj  it  is  possible  that  a  glycosuria  may  be  pnv 
dnced  also  under  pathological  conditions  even  by  a  meditim  amount  of 
carbohydrate  (100  grms.  glucose)  which  a  healthy  person  conld  overcome. 
This  IB  the  case  among  others  in  various  af  ections  of  the  cerebral  system  and 


^  In  regual  lo  the  niemlure  ou  phlorhizm  diabetes  see:  v.  Meriog,  Zeilschr.  f.  kilo. 
3Iei]  .  Bdd.  14  find  IG;  Miukowakf,  Arcli.  L  exp.  Path.  u.  Pharoi,,  Bd.  31 ;  5IoriU  &d4 
Priiustiiu,  ZeiUiclir.  f.  Biologie,  Bdd.  27  aad  29;  KQlz  Mud  Wrigbl,  iifid,,  Bd.  27  S,  181; 
Ciemer  and  Hitter,  ibid.,  Bdd.  28  and  29;  CoiUejefttj.  Coinpt.  rend,  de  Soc,  biol..  Tow 
48;   Luak,  Zeitacbr.  f.  Biologic,  Bd.  36;  Ltivcne.   Journal  of  Pbyifol,  Vol  17;  Pavj,^ 
ibid.,  VuL  20. 

'  lu  regard  lo  alimeiilary  glycoBuria  see  Moritz,  Arch.  f.  klin*  Med.,  Bd.  46,  which 
also  coDtaiiis  the  oUlcr  literature;  B.  Rosenberg,  '*Ueber  das  Yorkommea  der  aUmeii- 
taren  Glykosaria/"  etc.  (luaug.-Diast-rt.  Berlin,  18ft7)i  '^an  Oordt,  Mttack.  med.  Wochen-, 
tschr..  1898. 
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in  certain  chronic  poisoning.     Seeqen  inclades  the  lighter  forms  of  diabetes 
in  this  class  of  gljeofiuria. 

We  differentiate  between  light  and  severe  forms  of  diabetes.  In  the 
first  the  urine  contains  sugar  onlj  when  carbohydrates  are  taken  as  food, 
while  in  the  other  case  the  nrine  contains  sugar  even  with  food  entirely 
free  from  carbohydrates.  According  to  the  tiew  of  Seegen  and  others,  in 
light  forms  of  diat>ete8  the  liver  is  incapable  of  transforming  all  the  carbo- 
hydrates introdocml  into  glycogen,  or  to  utilize  this  in  a  normal  way,  and 
the  activity  of  the  liver-cells  is  also  rednced  or  changed  in  tliese  cases, 

A  hyperglacjeniia  which  passes  into  a  glycoenria  may  also  be  brought 
abont  by  an  excessive  formation  of  sugar  from  the  glycogen  and  other  bodies 
within  the  animal  body. 

The  so-called  piqiirc^  and  also  probably  those  glycosurias  whicli  occur 
after  other  lesions  of  the  nervous  system^  belong  to  the  above  group  of  glyco- 
surias.    The   glycosuria   produced   on   poisoning   with    carbon    monoxide, 
curare,   strychnin,   morphin,   etc.,  also  belongs  to  this  gronp.     That   the 
glycosuria  produced  in  these  cases  is  due  to  an  increased  transformation  of 
the  glycogen  follows  from  the  fact  that  no  glycosuria  appears,  under  the 
above-mentioned  circumstances,   when  the  liver  has  been  previously  made 
free  from  glycogen  by  starvation  or  other  means.     In  other  cases,  as  in 
KtiarboD -monoxide  poisoning,  the  sugar  ia  probably  derived  from  the  proteids, 
^■because  glycosuria  only  occnrs  in  those  cases  where  the  poisoned  animal  has 
Hb  sufficient  quantity  of  proteid  at  its  disposal  (Strauh  and  Hosenstein  *). 
^  Proteid  starvation  with  a  simultaneously  abundant  snpply  of  carbohydrates 
^causes  this  glycosuria  to  disappear. 

B  A  hypergluca^mia  with  glycosuria  may  also  be  caused  by  a  decreased 
activity  of  the  animal  body  to  conenme  or  destroy  the  sugar.  In  this  case 
the  sngar  must  accnmulate  in  the  blood,  and  the  formation  of  severe  cases 
of  diabetes  mellitus  is  now  generally  explained  by  this  process. 

I  The  inability  of  diabetics  to  destroy  or  consume  the  sugar  does  not  seem 
to  be  connected  with  any  decrease  in  the  oxidation  energy  of  the  ceils. 
Apart  from  the  fact  that  the  oxidation  processes  are  not  diminished  generally 
in  diabetics  (8chi*ltkkk,  Nencki  and  Sieber-'),  it  mmt  be  remarked 
that  the  two  varieties  of  sngar,  dextrose  and  Ia?vnlose,  which  are  oxidized 
with  the  same  readiness,  act  differently  in  diabetics*  According  to  Kulz 
and  other  investigators  la^vnlose  is,  contrary  to  dextrose,  utilized  to  a 
great  extent  in  the  organism,  and  may  even  cause  a  deposit  of  glycogen 


I 


»  Sec  Bock,  Pfltlg€r*s  Arch.,  Bd.  5;  Bock  and  Hoffmnnn,  Expu  Bludien  Uber  Diabetes 
(Berhn.  1874).  CI.  Benmid.  Lt'c;oi]s  but  le  diaMle  (Pfiris);  T.  Amki.  ZeitscJir.  f,  pbysiaL 
Chciii.,  Bd.  15,  8.  851,  Snrmb,  Arch.  f.  exp.  Path.  u.  PbarnK,  Bd.  38;  Ilosensieio.  idwl, 
Bd.  40. 

«  Sf'bnltren.  BcH.  kbu.  Wocbeusichr.,  1873;  Nencki  and  Sieber,  Joura.  f.  pru-kt. 
Chcin.  (K.  F.  J,  Bd.  2e.  a  85, 
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in  the  liver  in  animals  with  pancreas-diabetes  (Minkowski  *).  The  com- 
bustioo  of  proteid  and  fat  takes  place  as  in  healthy  anbjects,  and  the  fat  ia 
completely  burnt  into  carbon  dioxide  and  water.  In  this  diabetes  the 
ability  of  the  cells  to  utilize  especially  the  dextrose  soffers  diminotion,  and 
the  explanation  of  this  has  been  eooght  in  the  fact  that  the  glucose  is  not 
previously  split  before  combustion. 

According  to  Biei*l*  an  experimental  diabetes  can  be  prodnced  in  dogs 
by  the  exclusion  of  the  chyle  and  lymph  current  by  ligaturing  the  thoracio 
duct  or  by  leading  the  duct-lymph  to  the  outside, 

There  are  also  certain  invetftigators  who  consider  that  diabetes  is  due  ta 
an  increased  prodnctiou  of  sugar  in  the  liver — a  view  which  has  received 
some  support  in  the  artificially  produced  pancreaa'diabetes  (Chauvbau^ 
Kaupmaxn*  Cavazzani). 

The  investigations  of  Minkowski^  v.  Merino,  Domenicis,  and  later 
investigators*  have  shown  that  a  true  diabetes  of  a  severe  kind  is  caused 
by  the  total  extirpation  of  the  pancreas  of  many  ai  imils,  especially  dogs. 
As  in  man  in  severe  forms  of  diabetes,  so  also  in  dogs  with  pancreas- 
diabetes  an  abundant  elimination  of  sngar  takes  place  even  on  the  complete 
exclusion  of  carl »ohyd rates  in  the  food,  and  the  fornmtiou  of  sugar  in  tliese 
cases  is  derived  from  the  protein  Bubstances.  It  seems  in  man  with  diabetes 
that  the  ability  of  the  sugar  destruction  is  ne^^er  quite  arrested.  In  doga 
with  pancreas-diabetes  Minkowski  and  v,  Merinu,  as  also  Hedon/  havo 
been  able,  in  a  few  cases,  to  detect  that  the  total  quantity  of  sugar  intro- 
duced into  the  food  passed  into  the  urine. 

Artificial  pancreas- diabetes  may  also  in  other  respects  present  exactly 
the  same  picture  as  diabetes  in  man;  hut  we  are  not  united  as  to  the  cause  of 
this  diabetes.  According  to  the  Cavazzani  brothers,  as  well  as  CiiArvKAr 
and  Kaufmann/  pancreas- diabetes  is  not  or  not  entirely  causetl  by  a 
diminished  consumption  of  the  normal  quantity  of  sugar  formed,  but  to  an 
abnormally  increased  formation  of  sugar.  From  this  it  follows  that  the 
pancreas-gknd  has  a  regulating  action  on  the  formation  of  sugar  in  the 


*  Kaiz,  Bellrace  zur  PiilU.  u.  Tlierap.  des  Diabetes  mtlllluB  (Marburg,  1874).  Bd.  1  . 
Weiotraud  aod  Laves,  Zuilsclin  f.  pbysioL  Cbem.,  Bd.  19;  Hiiycraft,  ibid,\  Mlckowaki, 
Arch,  r  exp,  Pwib.  u.  Pliarm.,  Bd.  31. 

•  Centralbl.  f.  Physiol.,  Bd.  12. 

•  See  Minkowski*  Utitersucbungen  Uber  Diabetes  mellttus  uacb  Ex^iirpatioo  dea 
Piinkrens  (Leipzig,  1808) ;  v.  NaordtJii,  '*  Die  Zuckurkmokheil  "  (Berlin,  18M),  wblch 
coQinltJS  a  very  copiuud  index  of  Ihe  Hlerature.  Iti  rL'gurd  lu  diabetes  see  al^o  CL  Ber- 
nard. Lemons  sur  le  dkbi^te  (Paris),  and  Seegen.  Die  Zuckerhilduog  im  Tbierkftrper 
(BerHn.ldSH)). 

*  Hednn,  Arcb.  dii  Pbyslol  {5),  Tom©  6. 
»  Cavnzzant*  Cenlmlbl.  f.  Pbysiob,  Bd.  7;  Cbauveau  and  Kaufman d,  Mem.  Soc*  biol, 

18M;  Kaufmann,  Arcb.  de  PbysloL  (5),  Tome  7,  and  CorapL  rend,  de  8oc.  biob,  Tome 
47. 
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liver,  a  retarding  action  which  ia  caosed  by  an  iinknowa  product  of  the 
interoal  secretiou  of  the  pancreas,  and  which  is  absent  on  the  extirpation  of 
the  ghmd.  Kaufmann  has  made  many  inTeatigations  in  support  of  this 
view.  Among  other  things,  he  has  also  shown  that  ou  the  extirpation  of 
the  pancreas  in  hypergluca?mic  animals  the  quantity  of  blood  is  quickly 
diminished  on  cutting  out  the  liver  or  the  portal  circulation.  MoxxuoBi  * 
liaa  arrived  at  similar  results,  since  the  large  quantity  of  sugar  in  the  blood 
of  dogs  on  ligaturing  the  pancreas -vessels  was  diminished  on  subsequently 
ligaturing  the  liver- vessel  a.  Kacscu  has  made  similar  observations  on 
birds  with  extirpated  pancreas  and  subsequent  liver  extirpation,  and 
Marcuse*  has  likewise  shown  that  the  sinmltaneous  extirpation  of  the  liver 
and  pancreas  of  frogs  caused  no  glycosuria  in  any  case  (among  19),  while  the 
extirpation  of  the  pancreas  alone  m  VI  animals  operated  upon  (out  of  19) 
caused  a  diabetes. 

There  remains  no  doubt  that  a  certain  relationship  exists  between  the 
liver  and  the  elimination  of  sugar  after  the  extirpation  of  the  pancreas^ 
although  the  observations  do  not  lead  to  any  positive  conclusion.  The 
investigations  of  MiKKOWsKi,  Hepov,  LAxrHKArx,  Tiuroloix,  and 
others'  make  it  probable  that  special  chenucal  products  of  the  internal 
secretion  of  the  pancreas  are  here  active.  According  to  these  investigations 
a  snbcutaneously  transplanted  piece  of  tlie  gland  can  completely  perform 
the  functions  of  the  pancreas  as  to  the  sugar  exchange  and  the  sugar  elimi- 
nation^ because  on  the  removal  of  the  intra-abdominal  piece  of  gland  the 
animal  in  this  case  does  not  become  diabetic.  But  if  the  siibctitaneously 
imbedded  piece  of  pancreas  is  then  subsequently  removed,  an  active  elimina- 
tion of  sugar  appears  immediately. 

We  know  nothing  in  regard  to  this  chemically  active  substance  (or  sub* 
stances).  Lepikf/s  assumption  that  a  glycolytic  enzyme  is  specially  formed 
in  the  pancreas  has  been  shown  not  to  be  sufficiently  founded/ 

The  Bile  and  its  Formation. 

By  the  estahlishment  of  a  biliary  fistula,  an  operation  which  was  first 
performed  by  Schwanx  in  1844  and  which  has  been  improved  lately  by 
Bastre/  it  is  possible  to  study  the  secretion  of  the  bile.  This  secretion  ia 
continuous,  but  with  varying  intensity*     It  takes  place  under  a  very  low 


»  See  Midy's  Jabresber.,  Bti.  26. 

'  KaiiscIi,  Arch,  f,  exp.   Patli.  u-   Pharm.,  Bd.  37;    Marcuse.  Du  Boia-Reymoin]'* 
Arcb,.  1894,  8.  5S9. 

*  See  Minkowski,  Arcb.  f-  exp.  Patb,  u,  Phftrm.,  Bd.  81, 

*  IHd.;   Hedoij,    Diabtte    Paiicrealiqiie,   Travaux   tie  Physiologie  (Laboratoire  de 
MoDtpellier.  1898).  and  fooUoote  5»  page  133. 

'  ScbwftDU,  Arcb.  f.  Atiat.  u.  Physiol,,  1844;  Daalre,  Arcb.  de  Phyilol.  (5>,  Tciiue  2. 
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pressure;  therefore  an  apparently  nnimportant  hindrance  in  the  ootflovof 
the  bile,  namely,  a  stoppage  of  mncus  in  the  exit  of  the  secretion  of  lsrg« 
quantities  of  Tiscona  bile,  may  cause  stagnation  and  absorption  of  the  bile 
by  means  of  the  lymphatic  Teasels  (absorption  icterns). 

The  qaantifcy  of  bile  secreted  in  tlie  24  boo  re  in  dogs  can  be  exactly 
determined.  Tlie  quantity  secreted  by  different  animals  varies,  and  tb 
limits  are  2.^-36.4  gm.  bile  per  kilo  of  weight  io  the  24  hoars.* 

Tlie  statementii  as  to  the  extent  of  bile  secretion  in  man  are  few  andBot 
to  be  depended  on.  Ranke  found  (nsiug  a  method  which  is  not  free  from 
criticism)  a  aecretiou  of  14  gm.  bile  with  0.44  gm,  solids  per  kilo  in  31 
hours.  Nu]^l-Paton,  Mayo-Robsuk,  IIammarbten',  and  Pfaff  and 
Balch'  Iittve  found  a  variation  between  514  and  950  c,c.  per  24  honra, 
Such  determinations  are  of  donbtlal  yalue,  because  in  most  cases  it  fotlowi 
from  the  compositioii  of  the  collected  bile  that  we  are  not  dealing  with  a 
secretion  of  normal  liver-bile. 

The  quantity  of  bile  secreted  is,  however,  as  specially  shown  by  Stadil- 
MANN,'  subject  to  6uch  great  variation  even  under  physiological  comlitions 
that  the  study  of  these  circumstances  which  influence  the  secretion  is  very 
difficult  and  uncertain.  The  contradictory  Btatementa  by  different  iuvesti* 
gators  may  probably  be  explained  by  this  fact. 

In  starvation  the  secretion  diminishes.  According  to  Lukjanow  and 
Albertoki,*  under  thee©  conditions  the  absolute  quantity  of  solids  decreases, 
while  the  relative  quantity  increases.  After  partaking  of  food  the  secretion 
increases  ugain.  The  statements  are  very  contradictory  in  regard  to  the 
time  necessary  after  partaking  of  food  before  the  secretion  reaches  its  maxi- 
mum. After  a  careful  examination  and  compilation  of  all  the  existiDg 
statements  IIeidkniiain  *  has  come  to  the  conclusion  that  in  dogs  the  canre 
of  rapidity  of  secretion  shows  two  maxima,  the  first  at  the  3d  to  5th  hoar, 
and  tlie  second  at  the  13th  to  15th  hour,  after  partaking  of  food. 

According  to  the  older  statements,  the  proteids,  of  all  the  varioaf 
foods,  cause  the  greatest  secretion  of  bile,  while  the  carbohydrates  diminish, 
or  at  least  excite  much  less  than  the  proteids.  It  is  nevertheless  positive 
that  an  increase  in  the  bile  secretion  takes  place  after  a  continuous  orer- 

^  In  regard  to  the  quniillty  of  bile  secreted  hi  aniaifils  see  HeidenheiD,  Die  OiilleiJJib- 
londeriiiigp  \n  Ilermaoii'a  Uandbucb  der  PbysioL,  Bd.  5,  and  Stadelmimu,  Dcr  Ictcnw 
Uxid  seiue  veracliieduueij  Foihil-u  (StuUgurt,  1891). 

'  Rauke,  Die  Blulvertlii'llung  und  cier  Thailgkeltawechsel  der  Orgnne  iLdpzij^, 
1871):  Ni^M  Putoii.  rU"r>.  LhIk  Hoy,  Coll.  Edloburgb.  YoL  3;  Mayo-Robgon,  Vrnc.  Roy. 
floe.,  Vol  47:  Ilnimnsirsk'n.  Nov:i  act.  Reg.  Soc.  Scleot,  Upaala  C3)»  RJ-  10;  Pfaff  ind 
Balcli,  Jouin.  of  Exp.  Med.,  1807. 

'  Stadulmauu.  Der  Icierus,  etc.    Stiillgart,  1891. 

^Lukjanow,  ZL-itscbr.  f.  physlol.  Chem.,  Bd.  16;  Albertoni,  Ueclierches  Bur  !»  ato^ 
lion  bfllalre.     Turio,  1898, 

<  Henmain'fl  Haadb..  Bd.  6,  and  StadelmanQi  Der  Icterus,  etc 


BILE  BECUETION, 


S3S 


abundant  meat  diet.  The  authorities  are  by  no  means  agreed  ad  to  tbe 
action  of  the  fats.  Wlxile  many  older  investigators  have  not  observed  any 
increase,  bat  rather  the  reverse^  in  the  secretion  of  bile  after  feeding  with  fats, 
the  researches  of  Barbera  show  an  increase  in  the  secretion  of  bile  on  the 
introd action  of  fat  per  os.  According  to  Rosenberg  oliye-oil  is  a  strong 
chokgogne— a  statement  which,  according  to  other  investigators,  Mandel- 
STAMM,  DoYON  and  Dufourt'  is  not  aofficiently  proved. 

The  question  whether  there  exist  special  medicinal  bodies,  so-called 
^holagogaes,  which  have  a  specific  exciting  action  on  the  secretion  of  bile 
has  been  answered  in  very  different  ways.  Many,  especially  the  older 
investigators,  have  observed  an  increase  in  the  bile  secretion  after  the  use 
of  certain  tlierapeotic  agents,  snch  as  calomel,  rhnbarb,  jalap,  turpentine, 
olive-oil,  etc* ;  while  others,  especially  the  later  investigators,  have  arrived 
at  quite  opposite  results.  From  all  appearances  this  contradiction  is  dne  to 
the  great  irregularity  of  the  normal  secretion,  which  may  be  readily  mis- 
taken in  tests  with  therapeutic  agents. 

Schiff's  view,  that  the  bile  absorbed  from  the  intestinal  canal  increases 
the  secretion  of  bile  and  lie  nee  acts  as  a  cholagogue,  seems  to  be  a  positively 
proven  fact  by  the  investigations  of  several  experimenters  J  Sodium 
salicylate    is    also    perhaps    a    cholagogue    (Stadelmann,    Doyon    and 

DtTFOrRT). 

The  bile  is  a  mixture  of  the  secretion  of  the  liver-cells  and  the  so-called 
mucus  which  is  secreted  by  the  glands  of  the  biliary  passages  and  by  the 
mucous  membrane  of  the  gall-bladden  The  secretion  of  the  liver,  which  is 
generally  poorer  in  solids  than  the  bile  from  tlie  gall-bladder,  is  thin  and 
dear,  while  the  bile  collected  in  the  gall-bladder  is  more  ropy  and  riscoaa 
on  account  of  the  absorption  of  water  and  the  admixture  of  *'  mucus,"  and 
cloudy  because  of  the  admixture  of  cells,  pigments,  and  the  like.  The 
specific  gravity  of  the  bile  from  the  gall-bladder  varies  considerably,  being 
in  man  between  1.010  and  1.040.  Its  reaction  is  alkaline  to  litmus.  The 
color  changes  in  different  animals:  golden  yellow,  yellowish  brown,  olive- 
brown,  brownish  green,  grass-green,  or  bluish  green.  Bile  obtained  from 
an  executed  person  immediately  after  death  is  ordinarily  golden  yellow  or 

*  Barbera,  BulL  della  scienz.  med.  ill  Bologna  (7),  5,  and  Maly'a  Jahresber.,  Bd.  34  ; 
Rosenberg,  PflUger'a  Arch.,  Bd.  46;  Man  deist  am  in,  Uelx^r  den  Eliitluss  ciuiger  Arzaei- 
KuUtel  auf  Sekretion  uiul  ZiisammeuBelzuug  dcr  Galle  (Dissert.  Dort^l,  1890);  Doyon 
and  Dufouri,  Arch,  do  Physiol.  (5),  Tmnc  9.  In  regard  to  the  action  of  various  foods 
on  the  secretion  of  btle  see  also  Heidenhdu.  1,  c.  ;  Sta^lelmanu,  Der  Fclerus;  nud  Bar 
bera,  1.  c, 

*  Schiff.  Ptiager's  Arch.,  Bd,  3.  See  Stadelmanu,  Der  Icterus,  and  the  dissertations 
of  his  pupils,  especially  Winleler,  **  Experiment  el  le  Beitrflge  7,nr  Frage  des  Kreistaufea 
der  Galle  '  {Iuaug.-Di«s.  D(»rpat,  1892),  and  Gilrtner.  *' Expedmentelle  Beilrttge  zur 
Physiol,  und  Path,  der  G alien sekretioti  '*  (Inatig.'Diss.  Jurjew.  1893);  also  Stadelmatiii, 
^*  XJeber  den  Krelalauf  der  GaOe/*  Zeitschr.  f,  Biologie,  Bd.  34. 
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yellow  with  a  shade  of  brown.  Still  cases  occur  in  which  fresh  human  bile, 
from  the  gall-bladder,  has  a  green  color.  The  ordinary  post-mortem  bile 
has  a  variable  color.  The  bile  of  certain  animals  has  a  pecallar  odor;  u 
example,  ox-bile  has  an  odor  of  mnsk,  especially  on  warming.  Tbe  ti»t« 
of  bile  is  also  different  in  difiTerent  animals.  Iloman  as  well  as  ox  bile  hii 
a  bitter  taste  with  a  sweetish  after- taste.  The  bile  of  the  pig  and  rabbit 
has  an  intense  persistent  bitter  taste.  On  heating  bile  to  boiling  it  does 
not  coagulate.  It  contains  (in  the  ox)  only  traces  of  true  mucin,  and  iti 
ropy  properties  depend,  it  seems,  chteily  on  the  presence  of  a  nucleoalbiimin 
similar  to  mucin  (Paukcll).  Hammarstex  ^  has,  on  the  contrary,  fouDtl 
true  nmcin  in  human  bile.  The  specific  constituents  of  the  bile  are  bik- 
acids  combined  with  alkalies,  hih- pigments^  and,  besides  small  q nan ti ties  of 
lecithin^  cholesteriH^  soaps^  neutral  fats^  urm^  and  mineral  subsianm^ 
cbiefly  chlorides,  besides  phosphates  of  calcium,  magnesium,  and  iron* 
Traces  of  copper  also  occur. 

Bile  Salts.  The  thus-far  beat  studied  bile-acids  may  he  divided  into  twa 
groups,  the  ghjcocholic  and  tauroehoUc  acid  groups.  As  found  by  Ham- 
ma  ksten,"  a  third  group  of  bile-acids  occur  in  the  shark  and  probably  also 
in  other  animals.  They  are  rich  in  sulphur,  and  like  the  ethereal  sulphDric 
acids  they  split  off  sulphuric  acid  on  boiling  with  hydrochloric  acid.  All 
glycocholic  acida  contain  nitrogen,  but  are  free  from  sulphur  and  can  be 
split  with  the  addition  of  water  into  glycocoll  (amido-acetic  acid)  and  a 
nitrogen-free  acid,  cholalic  acid.  All  taurocholic  acids  contain  nitrogen 
aod  sulphur  and  are  split,  with  tbe  addition  of  water,  into  taurin  (amido- 
ethylsulphonic  acid)  and  cholalic  acid.  The  reason  of  the  existence  of 
different  glycocholic  and  taurocholic  acids  depends  on  the  fact  that  there 
are  several  cholalic  acids. 

The  cotijugateJ  bile  acid  found  in  the  eliark^  and  called  Scjfmnol  ttUphurU  acid  bf 
Hammarbtkk.  yields  as  cleavage  products  stilphurtc  acid  and  a  dod -nitrogenous  suo*! 
stance,  »cy7n/wl  {Ciii\i$Ot),  whicli  gives  tlie  tiliaracterlsUc  color  renctionaof  ch<dnlicftci4  ^ 

The  different  bile-acids  occur  in  the  bile  as  alkali  salts,  generally  ifl 
combination  with  sodium,  but  in  sea-liahea  as  potassium  salts.     In  the  bill 
of  certain  animals   we   find  almost  solely  glycocholic  acid,  in  others  only  J 
taurocholic  acid,  aqd  in  other  animals  a  mixture  of  both  (see  below). 

All  alkali  salts  of  the  biliary  acids  are  goluhle  in  water  and  alcohol^  but' 
insoluble  in  ether.     Their  solution  in  alcohol  is  therefore  precipitated  by 
ether,  and  this  precipitate^  with  the  proper  c^re  in  manipulation,  gives,  for 
nearly  all  kinds  of  bile  thus  far  investigated,  rosettes  or  balls  of  fine  needlee 
or  4-G-sided  prisms  (Plattxer's  crystallizecl  bile).     Freah  human  bile  alaa 


»  Pttijkull,  Zeilfichr.  f,  physiol.  Chem.,  Bd.  13;  Hammarstcn,  1.  c.  Nov.-i  Act.  (8K 
Bd.  16. 

*  Hammarsteii,  Zeiisclir.  f.  pliysiol.  Cbem,«  Bd.  2i. 
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erystallizea  readily.  Tlie  bile-acids  and  their  salts  are  optically  active  and 
dextro-rotatory.  The  former  are  dissolved  by  concentrated  aulphiiric  acid 
at  the  ordinary  temperature,  forming  a  reddish-yellow  lic|nid  which  has  a 
beautiful  green  fluorescence.  On  carefully  warming  with  concentrated 
sulphuric  acid  and  a  little  cane-sugar,  the  bile-acids  give  a  beautiful  cherry- 
red  or  reddish-violet  liquid.  Pettenkofer's  reaction  for  bile-acids  is  based 
on  this  behavior. 

Pkttenkofeb's  ieH  for  bile-acids  is  performed  as  followB:  A  small 
quantity  of  bile  in  substance  is  dissolved  in  a  small  porcelain  dish  in  con- 
centrated sulphuric  acid  and  warmed,  or  some  of  the  liquid  containing  the 
bile-acids  is  mixed  with  concentrated  sulphuric  acid,  taking  special  care  in 
both  cases  that  the  temperature  does  not  rise  higher  than  CO-70  i\  Then 
a  lOjt  solulion  of  cane-sogar  is  added,  drop  by  drop,  continually  stirring 
with  a  glass  rod.  The  presence  of  bile  is  indicated  by  the  production  of  a 
beautiful  red  liquid,  whose  color  does  not  disapjiear  at  the  ordinary  tem- 
perature, but  becomes  more  bluish  violet  in  the  course  of  a  day.  This  rod 
liquid  shows  a  spectrnm  with  two  absorption-bands,  the  one  at  F  and  the 
other  between  D  and  E^  near  E. 

This  extremely  delicate  test  fails,  however,  when  the  solution  is  heated 
too  high  or  if  an  improper  quantity — generally  too  much^ — of  the  sugar  is 
added.  In  the  last-meotioned  case  the  sugar  easily  carbonizes  and  the 
^test  becomes  brown  or  dark  brown.  The  reaction  fails  if  the  Bulpliuric 
Bid  contains  sulphurous  acid  or  the  lower  oxides  of  nitrogen.  Many  other 
"substances,  such  as  proteids,  oleic  acid,  amyl  alcohol,  morphin,  and  others, 
give  a  similar  reaction,  and  therefore  in  doubtful  cases  the  spectroscopic 
examination  of  the  red  solntion  must  not  be  forgotten. 

Petteis^kofer's  test  for  the  bile-acids  depends  essentially  on  the  fact 
that  furfurol  is  formed  from  the  sugar  by  the  Bulphuric  acid,  and  this  body 
can  therefore  be  snbetitnted  for  the  sugar  in  thii?  test  (MYLirs).  Accord- 
ing to  Mylius  and  v.  Udranszky*  a  1  p.  m.  solntion  of  furfurol  should 
be  used.  Dissolve  the  bile,  which  must  first  be  purified  by  animal  charcoal, 
in  alcohol.  To  each  ex.  of  alcoholic  solution  of  bile  in  a  test-tube  add 
1  drop  of  the  furfurol  solution  and  1  c.c,  cone,  sulphuric  acid,  and  cool 
when  necessary  so  that  the  test  does  not  become  too  warm.  This  reaction, 
when  performed  as  described,  will  detect  -frrsi  milligram  cholalic  acid 
(v.  Udranszky).  Other  modifications  of  Pettbnkofer's  test  have  been 
proposed. 

Olycocholic  Acid.  The  constitution  of  that  glycocholic  acid,  occorring 
in  human  and  ox  bile,  which  has  been  most  studied  is  represented  by  the 
foniiula  C„H,,NO..  (xlycocholic  acid  is  absent  or  nearly  so  in  the  bile  of 
carnivora.  On  boiling  with  acids  or  alkalies  this  acid,  which  is  analogous 
to  hippuric  acid,  is  converted  into  cholalic  acid  and  glycocoU. 
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Olycocholic  acid  orystallizeB  in  fine,  colorlefls  needles  or  priflmi.  It  ig  • 
soluble  with  difficulty  in  water  (in  about  300  parte  cold  and  120  parts  boil- 
ing water),  and  is  easily  precipitated  from  its  alkali-salt  solution  by  the 
addition  of  dilote  mineral  acids*  It  is  readily  soluble  in  strong  alcohol,  but 
wi4li  great  diOlciilty  in  ether.  The  solcitions  hare  a  bitter  bnt  at  the  game 
time  sweetieh  tuste.  The  salts  of  the  alkalies  and  alkaline  earths  are  soluble 
in  alcohol  ami  water.  TJie  salts  of  the  heavy  metals  are  mostly  insolnble  or 
Bohtble  with  difficulty  in  water.  The  solution  of  the  alkali  salts  in  water  is 
precipitated  by  sugar  of  lead,  copper-oxide  and  ferric  salts,  and  silver  nitrate 

The  preparation  of  pure  glycocliolic  acid  may.  be  performed 'in  several 
ways.  We  may  precipitate  the  bile,  which  has  been  freed  from  macus  by 
means  of  alcohol  ami  the  alcohol  removed  by  evaporation,  by  a  solution  of 
lead  acetate.  The  precipitate  is  then  decomposed  by  a  soda  solution  and 
heat,  evaporated  tb  dryness,  and  the  residue  extracted  with  alcohol,  which 
disaolves  the  alkali  glycocholafce.  The  alcohol  is  distilled  from  the  filtered 
solution  and  the  residue  dissolved  in  water;  this  sohition  is  now  decolorized 
by  animal  charcoal,  and  the  glycocholic  acid  precipitated  from  the  solution 
by  the  addition  of  a  dilute  mineral  acid*  The  acid  may  be  obtained  iu 
crystals  either  from  boiling  water,  on  cooling,  or  from  strong  alcohol  by  the 
addition  of  ether.  The  reader  is  referred  to  more  exhaastive  works  for] 
other  methods  of  preparation. 

Hyoglyc acholic  Acid,  CiTlIoNOi,  in  the  Grystalliue  eljcocholic  actd  obtained  fruin  the] 
bile  of  Hje  pig.  It  ia  very  iusoluble  hi  wnter.  The  ttlkaU  &ilts.  whose  soluiiooa  have  a&J 
iDteuBel.v  biUer  taste.' wHiioiit  lioj  sweetish  after4aste,  are  precipilaled  hj  CaCl,.  BaCl»»| 
t£tid  MgClg,  &nd  may  be  salted  out  like  a  soap  by  Na»SOi  when  added  in  sulticjeiiij 
qiianiitj.  Besides  this  add  there  occurs  iq  the  bile  of  the  pig  still  auolher  glycocholic 
aeid  (JoLt>- '). 

The  glycocholate  in  the  bile  of  the  rodent  b  also  precipitated  by  the  above-menrioncd] 
siilts,  but  f'atnioi,  lilu^  the  corresivQDdbg  salt  io   liumao  or  oi  bile,  be  precipitateit  oaj 
ftitumiij]g  wiih  a  neuini]  salt  (Na^SOi).     Gaaao  btle-aoid  tK>s8ibly  belungs  lo  the  glycc 
cholic-acid  group,  and  ia  found  in  Peruvian  guatm,  but  has  not  been  thoroughly  studied 

Taurocholic  Acid,     This  acid,  which  ia  fonnd  in  the  bile  of  man, 
nivora,  oxen  and  a  few  other  herbirora,  snch  as  sheep  and  goats,  has  the 
constitution  C„n,,NSO,.     On  hoilirjg  with  acids  and  alkalies  it  splits  intal 
cholalic  acid  and  tanrin, 

TanrochoHc  acid  may  be  obtained,  thoagh  only  with  diffictilty,  in  fine 
needles  which  deliqnesce  in  the  air  (Parke').  It  is  very  soluble  in  water, 
and  cao  hold  the  difficultly  solnhle  glycocholic  acid  in  solution.  This  is 
the  reason  why  a  mixture  of  glycocholate  with  a  sufficient  quantity  of 
taorocholate,  which  often^ occurs  in  ox-bife^  is  not  precipitated  by  a  dilute 
acid,  Taurocholic  acid  is  readily  soluble  in  alcohol,  but  insoluble  in  ether. 
Its  sokitiona  have  a  bitter-sweet  taste.  Its  salts  are,  as  a  rule,  readily  solu- 
ble in  water.,  and  the  solutions  of  the  alkali  salts  are  not  precipitated  by 
copper  sulphate,  silver  nitrate,  or  sugar  of  lead.  Basic  lead  acetate  givee^ 
on  the  contrary,  a  precipitate  which  is  solnble  in  boiling  alcohol. 

»  Zdtsc^r   f:  pbysioL  Q\\vn\.,  Bdd.  12  aud  11 
•  Hoppo-Beyler,  Med.-chem.  Unterauch.,  S,  160. 
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TaarochoHc  fwjid  is  best  prepared  from  decolorized,  crystallized  dog-bile, 
^"whirh  contains  only  tanrocbolate.  The  soltition  of  tbis  bile  is  precipitated 
))T  basic  lead  acetate  and  nmiiionifi,  and  the  washed  preci|ntate  disBolTed  in 
l^oiling  alcohol*  The  {iltrate  is  now  treated  with  11,8,  and  this  filtrate  is 
evaporated  at  a  gentle  heat  to  a  email  Toluoie,  and  treated  with  an  excess 
u£  water-free  ether*     The  acid  sometimes  partially  crystallizes. 

C]i«&o-tftiiToeholie  Aeid.  This  !b  \Uv  most  esaenilal  acid  of  goose- bile  and  has  the 
(formula  Cg,H»«NSO«.  Tiiifi  acid,  tlnm^Hi  Jhtie  studied,  la  aniorplioua  titid  soluble  ia 
'  water  and  alcohoK 

As  repeatedly  mentioned  above,  the  two  bile-acids  split  on  boiling  with 
acids  or  alkalies  into  non-nitrogen  on  s  ebolalic  acid  and  glycocoU  or  taurin. 
Therefore  we  will  now  describe  the  products  of  this  cleavage. 

Cholallc  Acid  or  Cholic  Acid.     The  ordinary  cholalic  acid  obtained  as  a 

decomposition  product  of  hnmau  and  ox  bile,  which  occurs  regularly  in  the 

eontents   of  the    intestine  and   in  the  urine  in  icterus,  has,  according  to 

Stbecker  and  nearly  all  recent  investigators,  the  constitution  0,Ji^,0^» 

.ccording  to  Mtlius,'  cholalic  acid   is  a  monobasic  alcohol-acid  with  a 

indary  and  two  primary  alcohol  groups.  Its  fornmla  may  therefore  be 
I  CHOIl 

t -written  C„H,^  <  (CHjOII),.     On  oxidation  it  ^rst  jields deht/droehoialic acid 
i  COOH 
Dawmarstkn),  and  then  bilufnic  acid   (Cleve).     The  formnhi^  of  these 
cida  (when  we  take  C,^  for  the  cholalic  acid)  are  0,^11,^0,  and  C^Jl^fi^, 
>a  stronger  oxidation  it  yields  ckolesterimc  acid^  which  has  not  been  care- 
ully  atndied,  and  finally  pbtalicacid,  as  maintained  by  SexkowsivI,  but  not 
ubstantiated  by   Bulhkim.'     On   oxidizing  cholalic  acid   with   potassium 
permanganate  Lassar-Cohn  '  obtained  first  dehydrocholalic  acid,  isobilianic 
ind  bilianic  acida,  and  then  on  further  oxidation  of  the  latter  with  perman- 
anate  he  obtained  a  new  acid,  cilianic  acid,  with  the  formula  C^^H^Q^  or 
,H„0,^.     On  reduction  (in  putrefaction)  cholalic  acid  may  yield  dtsory- 
\chohlic   acid    (Myuus).      On    reduction    with    hydriodic    acid    and    red 
Iphoaphorns  Pregl  obtained  a  prod  net  which  he  considers  as  a  mono-carbonic 

_  { coon 

with  the  formula  C, JI^„0, ,  cholylic  acid^  on  the  reduction  of  the  anhydride.* 


with  the  formula  C,JL 


Senkowski  has  obtained  an  acid 


'  The  important  reBearchea  of  Strecker  on  ihe  bile-acids  may  be  found  in  Anunl.  d. 
ICrbem,  u.  Pharm*.  Bdd.   %Ti,  67,  and  70  ;    MyliuB,  Ber,   d,  deuts<:lK  cbeni.  Gesell*ycb, 
JBd.  ly. 

'  Hammarslen,  Ber,  d.  deutsch.  cbem.  Geselkch.,  Bd.  14  ;  Cleve,  BulL  Soo.  cbim., 
fTome  35:  Senkowski.    JUmntsbefte  f.  Cliem.,  Bd.  17;  Bulheim,  Zeils^br.  f,  pbyisiol. 
Cbem.,  Bd.  25,  in  wliicb  ihe  literature  on  cbcdestedDic  aeid  may  be  found. 
■  Ber  d.  deutsch.  cljem.  GeHellscb..  Bd.  32, 

*  Mylliia.  L  c;  Pregl.  PflUgers  ArcL..  Bd.  71 ;  Senkowski,  Monatibefte  f.  Cbem., 
Bd,  19. 
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Cbolalic  acid  cryBtallizes  partly  in  rhooibic  pktes  or  prisms  with  one 
molecule  of  water  and  partly  ia  larger  rhombic  tetrahedm  or  octahedm 
with  1  mol*  of  alcohol  of  crystallization  (Mylius).  These  crystals  become 
quickly  opaqtie  and  porcelain- white  ia  the  uir.  They  are  qaite  insoluble  in 
water  (in  4000  parts  cold  and  750  parts  boiling),  rather  eoluble  in  alcohol, 
but  soluble  with  difficulty  in  ether.  The  amorphous  cholalic  acid  is  Urn  I 
insoluble*  The  Bolutiong  ha^e  a  bitter-sweetish  taste.  The  crystals  loeel 
their  alcohol  of  crystallization  only  after  a  lengthy  heating  to  100-120**  C^ 
Tho  acid  free  from  water  and  alcohol  melta  at  -|-  195^  C.  It  forms  a  char-  ] 
acteristic  combination  with  iodine  (Mylics)*. 

The  alkali  salts  are  readily  soluble  in  water,  but  when  treated  with  a 
concentrated  canatic  or  carbonated  alkali  solution  may  be  separated  as  aa 
oily  mass  which  becomes  crystalline  on  cooling.     The  alkali    salts  are  not! 
readily  soluble  in  alcohol,  and  on  the  evaporation  of  the  alcohol  they  may! 
crystallize.     The  specific  rotatory  power  of  the  sodinm  salt  is  {a)D  =  4*1 
31^.4.'     The  watery  solution  of  the  alkali  salts,  when  not  too  dilate,  ib\ 
precipitated  immediately  or  after  some  time  by  sugar  of  lead  or  by  barium 
chloride.     The  barium  salt  crystallizes  in  fine,  silky  needles,  and  it  is  rather 
insoluble  in  cold,  but  somewhat  easily  soluble  in  warm  water.     The  barioin 
salt,  as  well  as  the  lead  salt  which  ia  insoluble  in  water,  is  soluble  in  warm 
alcohol, 

Cholalic  acid  is  best  prepared  from  ox*bile  by  the  following  method  as 
suggested  by  Mylil's:  '  Boil  the  bile  for  24  hours  with  5  parts  its  weight! 
of  a  d(H  cans  tic-soda  solution,  replacing  the  water  lost  by  evaporatioa. 
Now  saturate  the  liquid  with  CO,  and  evaporate  nearly  to  drynees-  The 
residue  is  extracteil  with  96^  alcohol,  and  this  alcoholic  extnw:t  diluted  with 
water  until  it  contains  at  the  most  20^  alcohol,  and  completely  precipitated 
with  a  liaCl,  solution.  The  precipitate,  which  contains  besides  fatty  acids 
also  the  choleic  acid,  is  filtered  and  the  cholalic  acid  precipitated  from  the 
filtrate  by  hydrochloric  acid.  After  the  cholalic  acid  has  gradually  crystal- 
lized out  it  ia  repeatedly  recrystallized  from  alcohol  or  methyl  alcohol. 

Choleic   Acid    is    another    cholalic    acid    with    the    formula   C^^H^^O^ 
(Lassar-Cohn*)   named  by  Latschinoff.     This  acid,   which   occurs  in  J 
varying  but  aiways  small  qnantitiea  ia  ox-bile,  is  probably  identical  with 
desoxy cholalic  acid.     Choleic  acid  first  yields  dehydrovhohic  acid^  ^tJ^^fi^,  % 
and  tlien  cholanic  acidy  C,^U„0, ,  on  oxidation. 

Choleic  acid  may  be  obtained  from  the  above-mentioned  barium  precipi- 
tate by  first  converting  the  barium  salts  into  sodium  salts  by  sodium 
carbonate  and  then  fractionally  precipitating   the  fatty  acids  by  baiiom 

»  Sec  Vablen,  Zeitschr.  f.  pbyafoi  CUem..  Bd.  2L 

*  Zeil^cbr.  f.  physlol.  Chem. ,  Bd.  12.     See  ftlao  Vahlen  and  Pregl,  !.  c. 

'  L&t^cliim^ff.  Ber.  d.  iluutsch.  chem.  Gamllach,,  Bdd.  IS  utjil  30  ;  Lassar-Cohii.  ibid,, 

Bd.  26,  ami  Zeitachr.  f.  pbyaiol.  Cheni.,  Bd.  17,     See  al»u  Vtiijlen,  Zeitachr  f.  physioU 

Chem.,  Bd.  23. 
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acetate  and  eeparating  the  cJioleic  acid  from  the  filtrate  by  hydrochloric  acid 
and  recrygtallizing  several  timea  from  glacial  acetic  acid, 

Fellic  Acid,  C„II,,C)^,  ig  a  cholahc  acid,  so  called  by  ScnoTTEN,  and 
which  he  obtained  from  human  bile,  along  with  the  ordinary  acid.  Thia 
4icid  is  crystalline^  is  inaoluhle  in  water,  and  yields  barium  and  magnesium 
Siilts  which  are  very  insoluble.  It  does  not  give  Pbttenkofee's  reaction 
i*afliiy  and  gives  a  more  reddish-blue  color, 

The  conjugate  acids  of  human  bile  have  not  been  investigated.  To  all 
appearance  human  bile  contains  under  different  circnmstancea  various 
conjugate  bile-acids.  In  some  cases  the  hile-Bulta  of  human  bile  are  precipi- 
tated by  BaCl, ,  and  in  others  not.  According  to  the  latest  statements  of 
Lassab-Cohx  '  three  cholalic  acids  may  be  prepared  from  human  bile» 
namely,  onlinary  chulauc  acid,  ciiOLEir  acid,  and  feujc  acid. 

]iilhof«lIie  Aeid.  C««Hm04,  is  the  ctiolalic  ucitl  occurring  in  the  orieotal  bes^nr  fitooes, 
whkh  )A  iusoluble  iu  wulcr,  comparative  J  y  eiially  soluble  io  alcohol^  but  ouly  slightly 
«o1i)hle  in  ether.' 

The  hyo-glycocholic  and  cheno-taurocholic  acids,  as  well  as  the  glyco- 
cholic  acid,  of  the  bile  of  roilents  yield  corresponding  cholalic  acids. 

On  boiling  with  acids,  on  putrefaction  in  the  intestine,  or  on  heating, 
holaJic  acids  lose  water  and  are  converted  into  an  anhydride,  the  so-called 
•yslysin.  The  dyslysin,  C,^II„0, ,  correapondiog  to  ordinary  cholalic  acid, 
.nd  which  occurs  in  faeces,  is  amorphous,  insoluble  in  water  and  alkalies. 
Chohidic  acid^  C\^H„0^ ,  is  called  the  first  anhydride  or  an  intermediate 
product  in  the  formation  of  dyslysin.  On  boiling  dyslysin  with  caostio 
Ikali  it  is  reconverted  into  the  corresponding  cholalic  acid* 

Glycocoll,  C,H,NO,,  or  amido-acetic  acid,  NH,.C11,,000H,  also  called 
lycin,  or  sngar   of  gelatin,    has   been   fotind   in  tlie   muscles  of  pecten 
r radians^  but  it  is  of  special  interest  as  a  decomposition  product  of  certain 
protein  substances— gelatin,  elastin,  fibroin,  and  spongin — as  also  of  hip- 
uric  acid  or  glycocholio  acid  on  splitting  them  by  boiling  with  acids, 

(ilycocoll  forms  colorless,  often  large,  hard  rhombic  crystals  or  four- 
sided  prisms.  The  crystals  taste  sweet  and  dissolve  easily  in  cold  (4.3  parts) 
I  water.  They  are  insoluble  in  alcohol  and  ether;  in  warm  spirits  of  wine 
-they  dissolve,  but  with  difficulty.  Glycocoll  combines  with  acids  and  bases. 
Under  the  last-mentioned  combinations  we  mast  mention  those  with  copper 
And  silver  Glycocoll  dissolves  copper  hydroxide  in  alkaline  liquids,  bat 
does  not  reduce  it  at  the  boiling  temperature.  A  boiling-hot  solution  of 
glycocoll  dissolves  freshly  precipitated  copper  hydroxide,  forming  a  blue 
liqaid  from  which  dark -blue  needles  crystallize  on  cooling,  if  the  liquid  is 


>  Schotteu.  Zeltscbr.  f.  pbysSoL  Ciieni.,  Bd,  11  ;  Lassar-Cohn,  Ber.  d.  deuiach.  chem. 
<HselUch..  Bd.  27, 

*  S)-e  jQnger  and  £lagef««  Ber.  d.  dcutsch.  chent.  Qesellscb.,  Bd,  28  (older  literaturo)^ 
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sufficiently  concentrateil. 
in  water  and  alcohol. 


The  combination  of  gljcocoll  with  HCl  1$  solubk 


Glycocoll  is  best  prepared  from  hippnric  acid  by  boiling  it  lO-iJ  tiouri 
with  i  parts  of  dilute  sulpharic  acid,  1  :  €.  After  cooling  separate  the 
benzoic  acid,  concentrate  the  filtrate^  remove  the  remainder  of  tne  benzoic 
acid  by  shaking  with  etlier,  remove  the  salphnric  acid  by  BaCO, »  and 
evaporate  the  filtrate  to  crystallization.  In  the  preparation  and  qnaDtitative 
estimation  of  glycocoll  from  gelatin  we  can  proceed  according  to  Ch. 
FJ8CHEK  and  Go x nermann  *  by  converting  it  into  hippnric  acid  by  meaas 
of  benzoyl  cldoride  and  caustic  eoda,  and  this  latter  taken  u]>  by  acetic  ether 
after  acidifieation  with  aolplmric  acid. 

Taurin.   C,H,N80, ,   or  amido-ethylsnlphonic   acid,   NlI,C,H^.SO.On. 

This  body  is  well  known  aa  a  cleavage  product  of  taurocholic  acid,  and  may 
occur  in  email  quantities  iu  the  contents  of  the  intentine.  It  has  also  beea 
fonnd  in  the  lunge  and  kidneys  of  oxen  and  in  the  blood  and  muscles  oj 
cold-blooded  animals. 

Taurin  crystallizes  in  colorless,  often  in  large,  fihining,  4-G-sided  prigmg. 
It  dissolves  in  15-l<j  parts  of  water  at  ordinary  temperatures,  bat  rather 
more  easily  in  warm  water.     It  is  insoluble  in  absolute  alcohol  and  ether^. 
in  cold  spirits  of  wiue  it  dissolves  slightly,  but  more  when  warm.     Tauri 
yields  acetic  and  snlphnrous  acids,  but  no  alkali  sulphides,  on  boiling  will 
strong   caustic   alkali.      The   amount   of  sulphur   can    be   determined   as 
Bulpharic  acid  after  fusing  with  saltpetre  and  soda,     Taurin  combines  with 
metallic  oxides.     The  combination  with  mercuric  oxide  is  white,  insolubl 
and  is  formed  when  a  solution  of  taurin  is  boiled  with  freshly  precipita' 
mercuric  oxide  (J.  Lano"').     Thia  combination  maybe  used  in  detecLinj 
the  presence  of  taurin.     Taurin  is  not  precipitated  by  metallic  salts. 

The  preparation  of  taurin  from  bile  is  very  simple.     The  bile  is  boili 
few  hours  with   hydrochloric  acid.     The   filtrate   from    the  dyslysin 
choloidic  acid  ia  concentrated  well  on  the  water-batfi,  and  filtered  so  aa  to 
remove  the  common  salt  and  other  substaocea  which  have  aepamted.     Then 
evaporate   to  dryness,  and   treat  the  residue  with  strong  alcohol,   which 
dissolves  the  hydrochlorate  of  glycocoll,  while  the  taiirin  reuiains.      (Thi 
alcoholic  solution  of  hydrochlorate  of  glycocoll  may  be  used  in  the  prepar 
tioQ  of  glycocoll  by  evaporating  the  alcohol  and  dissolving  the  residue  iai 
water,  decomposing  the  solution  with  lead  hydroxide,  filtering,  and  freeing] 
the  solution  from   lead  by  II, S,  and  strongly  concentrating  this  filtrate. 
The  crystals  which  sepamte  are  dissolved  and  decolorized  by  animal  char-' 
coal,  and  the  solution  is  evaporated  to  crystallization,)     The  above-ol)ta[ne ' 
residue  containing  the  taurin  is  dissolved  in  as  little  water  as  possible, ^ 
filtered   warm,    and    treated    with  an  excess   of   alcohol.     The   crystalline 
precipitate  which  immediately  forms  is  filtered  as  soon  aa  poesible/and  the 


a 

1 

1 


*  Cli.  Fischer,  Zeitachr.  f.  physiol   Cbcm.,  Bd,   1!>;  Gonnermaiiu,  PUUger's 
Bd.  59. 

'  See  Maly's  Jubreaber,,  Bd.  6, 
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tanrin  now  separates,  on  cooling,  in  very  long  needles  or  prisma.     These 
crysttils  may  be  purified  by  recrystalUzation  from  a  little  warm  water. 

Thongh  the  taarin  shows  no  positive  reactions,  it  is  chiefly  identified  by 
ltd  crystalline  form,  by  its  sohibility  in  water  and  inaokibility  in  alcohol,  by 
its  combination  with  mercnric  oxide,  by  its  non-precipitability  by  metallic 
I      salts,  and  above  all  by  its  containing  sulphur. 

K  The  Detection  of  Bii.k-acids  in  Animal  Fluidh.  To  obtain  the 
^rbile-acids  pore  so  that  Pettenkofek's  test  can  be  applied  to  them,  the 
proteid  and  fat  must  first  be  removed.  The  proteid  ia  removed  by  making 
the  U(jnid  Hirst  neotral  and  then  adding  a  great  excess  of  alcohol,  so  that  the 
mixture  contains  at  least  85  vols,  per  cent  of  water-free  alcohol.  Now  filter, 
extract  the  precipitated  proteid  with  fresh  alcohol,  nnite  all  filtrates,  distil 
the  alcohol,  and  evaporate  to  dryness.  The  residue  is  completely  exhauHted 
with  strong  alcohol,  filtered,  and  the  alcoliol  entirely  evaporated  from  the 
tiltrate.  The  new  residue  is  dissolved  in  water,  and  filterofl  if  necessary, 
and  the  solution  precipitated  by  basic  lead  acetate  and  ammonia,  Tlie 
washed  precipitate  is  dissolved  in  boiling  alcohol,  filtered  while  warm,  and 
a  Ibw  drops  of  soda  solution  added.  Then  evaporate  to  dryness,  extract  the 
residue  with  absolute  alcohol,  filter,  and  add  an  excess  of  ether.  The  pre- 
cipitate now  formed  may  be  naed  for  Pettenkofek's  test.  It  ia  not 
necessary  to  wait  for  a  crystallization;  but  one  must  not  consider  the 
crystals  which  form  in  the  liquid  as  being  positively  crystallized  hile.  It  ia 
also  possible  for  needlea  of  alkali  acetate  to  be  formed.  For  the  detection 
of  bile-acids  in  ttritie  see  Chapter  XV. 

B  Bile-pigments.  The  bile-coloring  matters  known  thus  far  are  relatively 
numeroDs,  and  in  all  probability  there  are  still  more.  Most  of  the  known 
bile-pigments  are  not  foand  in  the  normal  bile,  bnt  occur  either  in  post- 
mortem bile  or,  principally,  in  the  bile  concrements.  The  pigments  which 
occur  nnder  physiological  conditions  are  the  reddish -yellow^  Inlirulnn,  the 
green  hilivenUn^  and  sometimes  there  is  also  observed  in  fresh  human  bile 
a  pigment  closely  allied  to  hydrohilirubtn.     The  pigments  found  in  gall- 

k stones   are    (besides   the   bilirithin    and    biliverdhi)    bihfuscin^  biliprasin^ 
hilihufttrn,  bilicyanin  (and  chohieUiif).     Besides  these,  others  have   been 
observed  in  human  and  animal  bile.     The  two  above-mentioned   physio- 
logical pigments,  bilirubin  and  biliverdinj  are  those  which  serve  to  give  the 
golden-yellow  or  orange-yellow  or  sometimes  greenish  color  to  the  bile,  or 
^vwhen,   as  is  most  frequently  the  case  in  ox-bile,   the  two  pigments  are 
Vpresent  in  the  bile  at  the  same  time,  prodacing  the  different  shades  between 
Hfeddish  brown  and  green. 

^m       Bilirubin.     This  pigment,  according  to  the  common  acceptation,  has  the 

formula  C,^II,^N^O,  (Maly)  and  is  designated  by  the  names  cnoLEPYFtRiiiN, 

BiLiPH^iN,  BiUFULvrx,  aud  HrEMAToiDiN.     It  occurs  chiefly  in  the  gall- 

^btones  as  bilirnbin-calcinm*     It  occurs  in  the  liver-bile  of  all  vertebrates,  and 

Hin  the  bladder-bile  especially  in  man  and  carnivora;  eoroetimes,  however, 

Hthe  latter  when  fasting  or  in  a  starving  condition  may  have  a  green  bile. 

Hit  oocnrs  also  in  the  contents  of  the  small  intestine,  in  blood-serum  of  the 

ioree,  in  old  blood  extravasations  (aa  ha^matoidin),  and  in  the  nrlne  and 
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the  yellow-colored  tisao©  m  icteras.  Bilirttbin  is  derived  in  all  probability 
from  licematin,  which  it  closely  resembles.  It  ia  converted  into  ht^dro- 
biliruhin,  C„II,^X,0,  (Maly)  by  hydrogen  in  a  nascent  state,  which  shoxn 
great  similarity  to  the  nriLiary  pigment,  urobilin^  as  well  as  to  sfercobiUn 
found  in  the  contents  of  the  intestine  {M^sirs  and  Vanlair  *).  On  oiida-  || 
tion  bilirnbin  yields  biliverdin  and  other  coloring  matters  (see  below). 

Dilinibin  ts  piirtly  amorphoas  and  partly  crystalline.  The  amorphoui 
bilirubin  is  a  reddish-yellow  powder  of  nearly  the  same  color  as  amorphons 
aotimooy  sulphide;  the  cryatfiUine  bilirnbin  has  nearly  the  same  color  u 
crystallized  chromic  acid.  The  crystals,  which  can  easily  be  obtained  br 
allowing  a  solo  tion  of  bilirnbin  in  chloroform  to  spontaneously  evaporate^ 
are  reddish-yellow,  rhombic  phites,  whose  obtnse  angles  are  often  rounded. 

Bilirubin  is  insoluble  in  water  and  occurs  in  animal  flnide  as  soluble 
biliru bin-calcium.  It  is  slightly  soluble  in  ether,  somewhat  more  solnble  in 
alcohol,  easily  soluble  in  chloroform,  especially  in  the  warmth,  and  less 
soluble  in  benzol,  carbon  Jisulpbide,  amyl  alcohol^  fatty  oils,  and  glycerin,  h 
KuBTEK*  finds  that  dimethylanilin  is  a  good  solvent  for  bilirnbin,  which  fl 
dissolves  0.80  parts  in  100  at  the  ordinary  temperature,  bat  2. 6  grms.  at  boil- 
ing temperature.  Its  solutions  show  no  absorption-bands,  but  only  a 
con  tin  nous  absorption  from  the  red  to  the  violet  end  of  the  spectram,  and 
they  have,  even  on  diluting  greatly  (1  :  500000),  in  a  layer  1,5  c.cm.  thick 
a  decided  yellow  color.  If  a  dilute  solntion  of  bilirubin  in  water  is  treated 
with  an  excess  of  ammonia  and  then  with  a  zinc-chloride  solution,  the 
liquid  is  first  colored  deep  orange  and  then  gradually  olive-brown  and  then 
green.  This  solution  first  gives  a  darkening  of  the  violet  and  blue  part  of 
the  spectrum  and  then  the  bands  of  alkaline  cholecyanin  (see  below),  or  at 
least  the  bands  of  the  pigment  in  the  red  between  C  and  />  close  to  C. 
This  is  a  good  reaction  for  bilirubin.  The  combinations  of  bilirnbin  with 
alkalies  are  insoluble  in  chloroform,  and  btlirnbiQ  may  be  separated  from  its 
solution  in  chloroform  by  shaking  with  dilute  caustic  alkali  (differing  from 
lutein).  Solutions  of  bilirubin-alkali  in  water  are  precipitated  by  the  solu-  a 
ble  salts  of  the  alkaline  earths  and  also  by  metallic  salts.  ■ 

If  an  alkaline  solution  of  bilirnbin  be  allowed  to  stand  in  contact  with  ^ 
the  air,  it  gradually  absorbs  oxygen  and  green  biliverdin  is  formed.  Bili- 
Terdin  is  also  formed  from  bilirnbin  by  oxidation  under  other  conditiona* 
A  green  coloring  matter  similar  in  appearance  is  formed  by  the  action  of 
other  reagents  such  as  CI,  Br>  and  L  In  these  cases  it  does  not  seem  to  be 
biliverdin,  but  a  substitution  product  of  bilirnbin  (Thudiohum,  Malt*)|j 
which  is  obtained. 


*  Maly's  Wieo.  8itzuDgaben,  6d.  57»  aod  Aonal.  d.  Ghem.,  Bd.  16S ;  Madus  and 
Vanlair,  Cenlrulbl.  f.  d   med.  Wksensch.,  1S71,  8.  EQ9. 

'  Zeilscbr  t  pbysioK  Chera.,  Bd.  26. 

'  Tluidicbura,  Jouni.  of  Cliem.  Boc.  (2),  Vol.  18,  and  Journ.  f.  prakt.  Cbem.  (N^F.)* 
Bd.  5S;  Maly,  Wiea.  SitzuDgsber..  Bd.  72. 
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Gmelin's  Reaction  for  Bik-pigmenis,  If  we  carefully  pour  under  a 
eolation  of  bilirubin*ulkali  in  water  nitric  acid  containing  some  nitrons  acid, 
we  obtain  a  serlea  of  colored  layers  at  the  juncture  of  the  two  liquids^  in  the 
following  onler  from  ubore  downwards r  green,  blue,  violet,  ret],  and  reddish 
yellow.  This  color  reaction,  Gmelin's  test,  is  very  delicate  and  series  to 
detect  the  presence  of  one  part  bilirubin  in  80,000  parts  liquid.  The  green 
ring  mnst  never  be  absent;  and  also  the  reddish  violet  must  be  present  at 
the  same  time,  otherwise  the  reaction  may  be  confused  with  that  for  lutein, 
which  gives  a  bine  or  greenish  ring.  The  nitric  acid  must  not  contain  too 
much  nitrons  acid,  for  then  the  reaction  takes  place  too  quickly  and  it  does 
not  become  typical.  Alcohol  must  not  be  present  in  the  liquid,  because,  aa 
is  well  known,  it  gives  a  play  of  colors,  in  green  or  blue,  with  the  acid. 

Hammarstek^s  Rmviion,  An  acid  is  first  prepared  consisting  of  1  voL 
nitric  acid  and  19  vols,  hydrochloric  acid  (each  acid  being  about  35^).  One 
volume  of  this  acid  mixture,  which  can  be  kept  for  at  least  a  year^  is,  when 
it  has  become  yellow  by  standing,  mixed  with  4  vols,  alcohol.  If  a  drop  of 
hilirnbin  solution  is  added  to  a  few  cubic  centimeters  of  this  colorless  mix- 
ture a  permanent  beautiful  green  color  is  obtained  immediately.  On  the 
further  addition  of  the  acid  mixture  to  the  green  liquid  all  the  colors  of 
Omejjn's  scale,  as  far  as  choletelin,  can  be  produced  consecutively. 

Huppeht's  ReactiotL  If  a  solntion  of  bilirubin-alkali  is  treated  with 
milk  of  lime  or  with  calcium  chloride  and  ammonia,  a  precipitate  is  pro- 
duced consisting  of  bili robin-calcium.  If  this  moist  precipitate,  which  has 
been  washed  with  water,  is  placed  in  a  teet-tube  and  the  tube  half  filled 
with  alcohol  which  has  been  acidified  with  hydrochloric  acid,  and  heated  to 
boiling  for  some  time,  the  liquid  becomes  emerald*green  or  bluish  green  in 
color. 

In  regard  to  the  modifications  of  Gmelin's  test  and  oert&in  other 
reactions  for  bile^pigments,  see  Chapter  XV  (Urine). 

That  the  characteristic  play  of  colors  in  Gmelik's  test  is  the  result  of 
an  oxidation  is  generally  admitted.  The  first  oxidation  step  is  the  green 
biliverdin.  Then  follows  a  blue  coloring  matter  which  Heixsius  and 
Cahpbell  call  hilicyanin  and  Stokvis  calls  cholecyanin^  and  which  shows  a 
characteristic  absoqjtion-spectrum.  The  neutral  solutions  of  this  coloring 
matter  are,  according  to  Stokvis,  bluish  green  or  steel-blue  with  a  beautiful 
blue  fluorescence.  The  alkaline  fiolntions  are  green  and  have  no  marked 
fluorescence.  The  alkaline  solutions  show  three  absorption-bands,  one  sharp 
and  dark  in  the  red  between  C  and  Z),  nearer  to  C;  a  second,  less  defined, 
coTering  D\  and  a  third,  between  JS"  and  F^  near  E,  The  strongly  acid 
solutions  are  Tiolet-blne  and  show  two  bands,  described  by  Jafi-e»  between 
the  lines  C  and  E^  separated  from  each  other  by  a  narrow  space  near  D* 
A  third  band  between  b  and  F\^  seen  with  difficulty.  The  next  oxidation 
Btep  after  these  blue  coloring  matters  is  a  red  pigment^  and  laatl;  a 
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yellowish-brown  pigment,  called  chokUUn  by  Malt,  which  id  neotnl 
alcoholic  solutions  does  not  give  any  absorption  apectrnm,  but  in  acid  boIq- 
tion  gives  a  band  between  b  and  F.  On  oxidizing,  cholecysnin  wiih  lead 
peroxide,  Stokvis  '  obtained  a  product  which  he  calls  choletelin,  which  ii 
quite  similar  to  urinary  urobilin,  to  be  discussed  later. 

Bilirubin  is  best  prepared  from  gall-stones  of  oxen,  these  concretiona 
being  very  rich  in  bilirubin-calcinm.  The  finely  powdered  concremeut  ia 
first  exhausted  with  ether  and  then  with  boiling  water,  so  as  to  remove  tha 
cbolesterin  and  bile-acids.  The  powder  is  then  treated  with  hydrochloric 
acid,  whicli  sets  free  the  pigment.  Wash  thoroughly  with  water  and 
alcohol,  dry,  and  extract  repeatedly  with  boiling  chloroform.  After  distill- 
ing the  chloroform  from  tlie  solution,  treat  the  powdered  residTie  with 
absolute  alcohol  to  remove  the  bilifnscinj  dissolve  the  remaining  bilirubin 
in  a  little  chloroform;  precipitate  it  from  this  solution  by  alcohol,  and  do 
this  several  times  if  necessary.  The  bilirubin  is  finally  dissolved  in  boiling 
chloroform  and  allowed  to  crystallize  on  cooUng,  The  quantitative  estimit' 
tion  of  bilirubin  may  be  made  by  the  spectro-photometrical  method,  aceoni- 
ing  to  tlie  steps  soggested  for  the  blood -coloring  matters. 

BlLiTerdin,  C,,ri,,NjOj,  This  body,  which  is  formed  by  the  oxidation 
of  bilirubin,  occurs  in  the  bile  of  many  animals,  in  vomited  matter,  in  the 
placenta  of  the  bitch  (?),  in  the  shells  of  birds'  eggs,  in  the  urine  in  icterus, 
and  sometimes  in  gall-stones,  although  in  very  small  quantities.  On  the 
oxidation  of  bile-pigments,  especially  biliverdin,  Kuster  obtained  a 
nitrogeneouB  acid,  biliverdhtic  acid^  C.II^NO^,  On  further  investigatien 
of  this  acid  and  its  salts  KCster  finds  that  oo  boiling  the  acid  with  elastic 
soda  or  by  other  basic  bodies,  it  is  readily  transformed  into  the  lactone 
of  t!ie  tribaaic  hii^matinic  acid  C^H^O^,  with  the  evolution  of  ammouia. 
This  biliverdinic  acid  can  therefore  be  considered  as  the  amid  of  this  last 
acid.  According  to  more  recent  investigations  KCster*  considers  biliver- 
dinic acid  identical  witli  his  bibasic  hasmatinic  acid,  which  contains  nitrogen. 

Biliverdin  is  amorphous,  at  least  it  htvs  not  been  obtained  in  well- 
defined  crystals.  It  is  insoluble  in  water,  ether,  and  chloroform  (this  is 
true  at  least  for  the  artiOcially  prepared  biliverdin),  hut  is  soluble  in  alcohol 
or  glacial  acetic  acid,  showing  a  beautiful  green  color.  It  is  dissolved  by 
alkalies,  giving  a  brownish-green  color,  and  this  solution  is  precipitated  by 
acids,  as  well  as  by  calcium,  barium,  and  lead  salts,  Biliverdin  gives 
Huppeet's,  Gmelin's,  and  Uammarsten's  reactions,  commencing  with^ 
the  blue  color.  It  is  converted  into  hydrobilirubin  by  nascent  bydrogetufl 
On  allowing  the  green  bile  to  stand,   also  by  the  action  of  ammoninm 


'  HeitiBum  aud  Dimpben,  PflUger's  Arcli. ,  Bd.  4;   Stokvis,  OeDlralbK  f,  d, 
Wissensch..  1872,  S.  785:  ibid  ,  1973,  8.  211  aod  449;  Jaffd,  iWtl..  1868;  Muly.  Wh 
Siticuugsben,  Bd,  59. 

'  Ber.  d.  deutscb.  cbeiii.  Geaellacb..   Bd.  30;  Zeilsclir.  f,  pbysioL  Cli<;tii^  Bd.  S0; 
Ber.  d.  deutscli.  chem.  Gfssell»cb.»  Bd.  32, 
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luIpLide^    the  biliverdin    may   be   reduced   to  bilirabin   (HAYcaAFT   and 

JCOFIELD*). 

Biliverdin  is  most  simply  prepared  by  allowmga  tbin  layer  of  an  alkaline 
lolatioQ  of  bilirabin  to  stand  exj>osed  to  tbe  air  in  a  disli  until  the  color  Is 
t>rownish  gr&en.  The  aoUition  is  then  precipitated  by  hydrochloric  acid, 
the  precipitate  washed  with  water  until  no  TICl  reaction  is  obtained,  then 
iiasolved  iu  alcohol  and  tbe  pigment  again  sepamted  by  the  addition  ol 
irater.  Any  bilirubin  present  may  be  removed  by  means  of  chloroform. 
IluaONENQ  and  Doyox'  prepared  biliverdin  from  bilirubin  by  the  action 

f  sodium  peroxide  and  a  little  acid. 
Bilifn»tin,  so  named  hy  Stadeler,^  is  an  amorphous  brown  pigment  soluble  \n 
micobol  uiid  alkjilica,  nearly  insoluble  in  water  aud  etber,  rrnd  soluble  witb  great  dtffiouUy 
in  cliloroform  (when  bilirubin  is  not  presuut  al  the  Bame  timt).  When  pure  biilfuscin 
does  ijot  ffive  Gmeun's  react ioa.  ft  is  found  iu  post-moriem  bile  and  gull  Hh>ije8. 
Bilipnutift  w  a  grten  pigment  prepared  by  Stadeleh  from  gftU-siones,  widcb  iwrhapB  ia 
Milj  a  mixiure  of  biliverdiu  aud  bilirubin.  Dabtee  and  Floresco,*  on  ihe  coolrary, 
Kniilder  biliprastD  as  an  intermediate  step  beUvten  bilirubin  and  biliverdhi.  Aecordlug 
HI  them  it  occurs  im  a  physiological  pigment  in  tbe  bladder-bile  of  t<everal  animak  and  is 
derived  from  bilirubio  by  oxidation.  Tbis  oxidation  is  brougbt  about  by  an  oxidation 
ferment  existing  in  the  bile,  Bilihitmia  is  the  name  given  bj  Stadeleh  to  that  brownish 
aiiiorpbous  residue  which  is  left  afier  exiractin^  gall-stones  with  eblnroforui,  nlcohoh 
and  ether.  It  does  not  give  Gmelin's  test.  BiUtyanin  is  also  found  inhuman  gall- 
sioues  (HErNsius  wwA  Campbeix).  Chalohnrnftiiii,  so  called  by  MacMunn,*  is  a  pigment 
often  occuring  in  stieep-  and  ox-bile  and  cburacterized  by  four  absorption-bandfi.  arjd 
which  is  formed  from  ha>nmtin  by  the  action  of  sodium  amalgam.  In  the  dried  condi- 
tion obtained  by  tbe  evaporation  of  Ihe  chloroform  solution  it  is  green,  and  iu  alcoboltc 
flutioD  olive -brown. 
Gmelin*3  and  Uuppert's  reactions  are  generally  naed  to  detect  the 
presence  of  bile-pigments  in  animal  fluids  or  tissues.  Tlie  fii*st,  aa  a  rule, 
can  be  performed  directly,  and  the  presence  of  proteid  does  not  interfere 
with  it,  bafc,  on  the  contrary,  it  brings  out  the  pljy  of  colors  more  strik- 
ingly. If  blood-coloring  matters  are  present  at  the  same  time,  the  bile- 
coloring  matters  are  first  precipitated  by  the  addition  of  sodium  phosphate 
and  milk  of  lime.  This  precipitate  containing  the  bile-pigments  may  be 
naed  directly  in  Huppert's  reaction,  or  a  little  of  the  precipitate  may  be 
dissolved  in  IIammarsten's  reagent,  Bilirabin  is  detected  in  blood, 
according  to  Hedenius,*  by  precipitating  the  proteins  by  alcohol,  filtering 
and  acidifying  the  filtrate  with  hydrochloric  or  enlphiiric  acid,  and  boiling. 
The  liqnid  becomes  of  a  greenish  color.  Herom  and  serous  fluids  may  be 
boiled  directly  with  a  little  acid  after  the  addition  of  alcohol. 

Besides  the  bile-acids  and  bile-pigments  we  have  in  the  bile  also  choles- 
terin^  lecUhiny  palmilrn^  siearin^  olein^  and  soaps  of  the  corresponding  /^^/y 
acids,  Lassar-Cohk  '  has  also  found  myrisHc  acid  in  ox-bile.  In  some 
animals  the  bile  contains  a  diastatic  enzi/fne.     Oholin  and  gltfceTO-phosphoric 


»  Centralld.  f,  Ptiyaiol..  Bd.  3,  S.  232.  and  Ztitsclir.  f.  physiol.  Cliem.,  Bd.  14. 
»  Arcb.  de  Physiol.  (5).  Tome  a 

*  Clled  from  Boppe-Seyler.  Pbysiol.  u.  Palh,  chem.  Analyse,  6.  Aufl.,  8.  225. 
<  Arcli,  de  Physiol.  (5).  Tome  9, 

*  Journ.  of  Physiol.,  Vol.  6, 

*  Upsftla  Lflkaref.  FOrh,,  Bd.  29.  aud  Maly's  JaUreaber..  Bd.  %L 
^  Zeitflchr.  f.  phjBiol.  CliGm,,  Bd.  17. 
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acid^  when  they  are  present,  may  be  couBidered  as  decomposition  prodocti  1 
of  lecithin.  Urea  occura,  thoagli  only  as  traces*  as  a  physiological 
etitueiit  of  lioman,  ox,  and  dog  bile.  Urea  occurs  iq  the  bile  of  the 
and  ray  in  sach  large  qaantities  that  it  forms  one  of  the  chief  constitae&ti  ] 
of  tlie  bile,'  The  minera!  coHiffitueuts  of  the  bile  are»  besides  the  alkalies 
to  which  the  bile  acids  are  united,  sodiam  and  potassium  chloride,  calciLi^ 
and  magnesium  phosphate,  and  iron^0J)4-().115  p.  m.  in  human  hu-, 
chlefij  combined  with  phosphoric  acid  (Young').  Traces  of  copper  a.^ 
habit aally  present,  and  traces  of  zinc  are  often  found.  Sulphates  are 
entirely  absent^  or  occur  only  in  very  small  amounts. 

The  quantity  of  iron  in  the  bile  varies  greatly*     According  to  NOTI 
it  13  dependent  upon  the  kind  of  food,  and  in  doga  it  is  lowest  with  a  bread 
diet  and  highest  with  a  meat  diet.     According  to  Dastrb  this  is  not  th» 
case.     The  quantity  of  iron  in  the  bile  varies  even  though  a  constant  diet 
is  kept  up,  and  the  variation  is  dependent  upon  the  formation  and  destmc* 
tion  of  blood.     According  to  Beccabi'  the  iron  does  not  disappear  lioffl 
the  bile  in   inanition,  and  the  percentage  «hows  no  constant  diminntion. 
Tlie  question   as    to   the   extent   of  elimination  by  the  bile   of   the  iron 
introduced  into  the  bmly  has  received  various  answers.     There  is  no  donbtl 
that  the  liver  has  the  property  of  collecting  and    retaining   iron   us  well . 
as  other  metals  from  the  blood.     Certain  investigators,  such  as  Xovi  and 
KuKKEL,  are  of  the  opinion  that  the  introduced  and  transitorily  retained 
iron  in  the  liver  is  eliminated  by  the  bile,  while  others,  such  as  IlAMBrHOEB^ 
Gottlieb,  and  Anselm/  deny  any  such  elimination  of  iron  by  the  bile, 

Qiianiifative  Chmposltiou  of  the  Bik,  Complete  analyses  of  human  bile  j 
have  been  made  by  IIoppe-Seyler  and  his  pupils.  The  bile  was  removed] 
as  fresh  as  possible  from  the  gall-bladder  of  cadavers  whose  livers  showed  m\ 
remarkal>le  change* 

Oilier  and  less  complete  analyses  of  human  bile  have  been  made  by 
Freriphs  and  v,  Goelp-Besanez/  The  bile  analyzed  by  them  was  from 
perfectly  healthy  persons  who  had  been  executed  or  accidentally  killed. 
The  two  analyses  of  Frekichs  are,  respectively,  of  (I)  an  IS-y ear-old  and 
(11)  a  2'2 -year-old  male.     The  analyses  of  v,  Gokup-Bksanez  are  of  (I)  a 


*  HBinmeT^len,  ZeiUchr.  f.  pbyaiol.  Cbem.,  Bd.  24. 
-  Jouru.  of  Aiiat.  and  Piiysiol.*  VoK  5,  p.  158. 

*  Novi,  see  Maly's  Jiibreaber.,  Bd.  30  ;  Daslre,  Arch,  de  Phy«loL  (5).  Tome  3 
cari,  Arch.  ital.  de  BbL.  Tome  S8, 

*  Kiiukcb  PHUger'g  Arcb.,  Bd-  14  :  Hamburger,  Zeitscbr.  f.  physiol.  Chem.,  Bdd. 
and  4;  GotUlcb.  ibid.^  Bd,  15;  Aos^elm,  "  Ucber  die  Eiaenausscbeiduug  der  Galle. 
luttUg.  Diss.  Dorpsit.  189L     See  also  ibe  works  cited  in  foot-uote  1,  page  ITS, 

■'  Si-e  Hoppe-Seyler,  Pbysiol.  Cbera..  8.  301  ;  Socoloff,  Pflilger's  Arch,,  Bd.  1%  \  Tri- 
lnuowski,  ibid,,  Bd.  9;  Frericbs  in  Hoppe-Seyler's  Pbysiol  Cbem.,  8-  290;  t. 
Besanez,  ibid. 
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COMPOSITION  OF  BILE.  SSO 

man  of  49  aud  (II)  a  woman  of  29.     The  restiJtB  are^  ag  uenal,  in  parts  per 
1000. 

FlUnUCBA.  ▼.  QOBtTP-BS6AKEZ. 

h  m  1.  IL 

Water 860.0  859.3  823.7  898,1 

Solids.,.. 140.0  140.8  177.8  10L9 

Biliary  »alU 73.2  91.4  107,9  56.5 

Mucus  and  pigments 26.6  29,8  22,1  14.6 

CholesteHu .*..  1,6  2.6?  .,  «  ana 

Fill... 8.2  9.2f  ^^^  ^^ 

Inorgtmic  substntiees, 6,5  7.7  10.8  6.3 

Huinan  liver-bile  ia  poorer  in  eolids  than  the  bladder-bile.  In  several 
cases  it  contained  only  12-18  p.  m.  solids,  but  the  bile  in  these  casea  ia 
hardly  to  be  considered  as  normal.  Jacobsen  foand  22.4r-22.8  p.  m. 
solids  in  a  specimen  of  bile,  Uammarsten,*  who  had  occasion  to  analyze 
the  liver-bile  in  seven  cases  of  biliary  fistula,  has  repeatedly  found  26-2B 
p.  m.  solids.  In  a  case  of  a  corpulent  woman  the  quantity  of  Bolids  in  the 
liver-bile  varied  between  30.10-38*6  p.  ni.  in  ten  days. 

Human  bile  someUmee,  but  not  always,  contaioB  sulphur  in  an  ethereal 
Bulphnric-acid-like  combination.  The  quantity  of  such  salphnr  may  even 
amount  to  i-i  of  the  total  sulphur.  Human  bile  is  habitually  richer  in 
glycocholic  than  in  tanrocholic  acid.  In  six  cases  of  liver-bile  analyzed  by 
Hahmarstek  the  relationship  of  tanrocholic  to  glycocholic  acid  varied 
between  1  :  2.07  and  1  :  14.36,  The  bile  analyzed  by  Jacobsen  contained 
no  tanrocholic  acid. 

As  example  of  the  composition  of  human  liver-bile  the  following  resulti 

of  three  analyses  made  by  Hammarstek  are  given.     The  results  are  cal^ 

colated  in  parts  per  1000. 

Solids. 35.200  86.260  25.400 

Wa^er <y74  8G0  964.740  974.600 

Mucin  tmd  piguieots.... 5  290  4,290  5 J 50 

Biie  siiUs 9.310  18.340  9.040 

Taurocliulate 8.0®4  2.079  3. 180 

Glvroclndate 6.376  16,101  6  860 

F»Uy  Jickls  fromsoapB...,. 1,280  1,M0  1.010 

CiiolVfiteriu 0.630  1.600  1,500 

Lticithiu I  f.Q^  0.574  0.6fiO 

Fat .....f  ^-"^  0.966  0.810 

Soluiile  salts 8. 070  6.760  7.250 

Id  soluble  suits 0.250  0.4IM)  0.310 

Amongst  the  mineral  constituents  the  chlorine  and  sodium  occur  to  the 
greatest  extent.  The  relationship  between  potassium  and  sodium  variea 
considerably  in  different  biles.  Sulphuric  acid  and  phosphoric  acid  occur 
only  in  very  small  quantities. 

Bacunsky  and  Sommerfeld  '  have  found  true  mucin,  mixed  with 
some  nacleoalhnmin,  in  the  bladder-bile  of  children.  The  bile  contained 
on  an  average  B96.5  p.  m.  water;  103.5  p.  m.  solids;  20  p.  m,  mucin;  9.1 

*  .Tacobs)€D«  Ber  d.  deiitsch.  cheni.  Ge^-ellscb..  Bd.  6  ;  Hammftrsteo^  1.  c,  Kora  Act« 

*  Yerhaudl.  d.  physiol.  Geselkch.  zu  BerliD,  1694-95. 
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p.  m,  mineral  sabstancas;  25.2  p.  m.  bile-saltfi  (of  which  16.3  p.  m.  were 
glyooeholate  and  8.9  p.  m.  taurcKsholate) ;  ZA  p.  m.  cholesterini  6.7  p.  m, 
fat,  and  2.8  p.  m.  leucin. 

The  quantity  of  pigment  in  human  bile  is,  according  to  Noel-Paios, 
0.4-1.3  p.  oi.  for  a  case  of  biliary  Ustnla.  The  method  used  in  determinici 
the  pigments  in  this  case  was  not  quite  trustworthy.  More  exact  r^ts 
obtained  by  spectro-photometric  metliods  are  on  record  for  dogs*  bik 
According  to  Stadelmann  *  dogs'  bile  contains  on  an  arerage  0,6-0,7  p,  m. 
bilirabin.  At  the  most,  only  7  milligrams  pigment  are  secreted  perkdoof 
body  in  the  24  hoors. 

In  animals  the  relative  proportion  of  the  two  acids  varies  very  mucL 
It  has  been  fonnd,  on  determining  the  amount  of  sulphur,  that,  so  far  as 
the  experiments  have  gone,  taiirochoUc  acid  is  the  prevailing  acid  in  car- 
nivorous mammals,  birds,  snakes,  and  fishes.  Among  the  herbivora  sheep 
and  goats  liave  a  predominance  of  tanrocholic  acid  in  the  bile.  Oi-bile 
sometimes  contains  taarocholic  acid  in  excess,  in  other  cases  glycocholic  acid 
predominates,  and  in  a  few  cases  tlie  latter  occurs  almost  alone.  The  bile 
of  the  rabbit,  hare,  and  kangaroo  contains,  like  the  bile  of  the  pig,  almost 
©xclasively  glycocholic  aciJ.  A  distinct  inilu ence  on  the  relative  amounts 
of  the  two  bile-acids  by  different  foods  has  not  been  detected.  Hitter' 
claims  to  have  found  a  decrease  in  the  quantity  of  tanrocholic  acid  in  calves 
when  they  pass  from  the  milk  to  the  plant  diet. 

In  tbe  above*mentioned  calculation  of  the  tanrocholic  acid  from  the 
quantity  of  sulphur  in  the  bile-salts  it  must  be  remarked  that  no  exact  con- 
clusion can  be  drawn  from  this  calcnktion  as  long  as  we  have  not  investi- 
gated whether  other  kinds  of  bile  contain  sulphur  in  combinations  other 
than  tanrocholic  acid,  as  in  human  and  shark  bile. 

The  cholesterin,  which,  according  to  several  investigators,  not  only 
originates  from  the  liver,  but  also  from  the  biliary  passages,  occurs  in  larger 
quantities  in  tbe  bladder-bile  than  in  the  Itver-bile,  and  occurs  to  a  greater 
extent  in  the  non-filtered  than  in  the  filtered  bile  (DoYON  and  Dufourt'). 

The  gases  of  the  bile  consist  of  a  large  quantity  of  carbon  dioxide,  which 

increases  with  the  amount  of  alkalies,  only  traces  of  oxygen,  and  a  very 

email  quantity  of  nitrogen. 

Little  19  knowB  iti  regard  to  the  properties  of  the  bite  in  diseane.  The  quantity  of  wr«t 
U  found  lo  be  considerabjj  iT3 creased  In  urflemia.  Lfuein  and  fjfrmin  are  obaenred  la 
acute  yellow  atiophy  of  tbe  liver  and  in  typhus.  Truces  of  albumin  (without  regard  td 
nttcleoatbumin)  Imve  sevurul  tiukea  beeu  foumi  lu  the  bumau  bile.  The  so-ctaned  pit^- 
7firiititrif  nrholiit,  or  Hip  sf^fTeilon  of  a  idle  corviaiutng  bile-acids  l>iit  do  bile-pigineot*,  bi* 
also  been  repeatedly  noticed,  lo  all  such  casea  observed  hy  Hitter  he  founa  a  fatty  di*- 
geuenaioQ  uf  the   liver  celb|  la  return  for  wbicli,  eveu  in  eatcessive  fal  iofiUratbii, 

*  Nof?l.PutoD,  Hep.  Lab.  Roy.  Soc,  Oo!L  Phys.  Edinburgh,  Vol.  3 ;  Stadelmann.  Per 
Icterus. 

» Cited  from  Maly's  Jabresber.,  Bd.  6,  S.  196. 
^  Arch,  do  PhystoL  t5J»  Tome  8. 
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Ti  fii»rmft1  Kile  conltilniDg  pigments  was  secreted.  The  secretion  of  a  bile  nearly  free 
tff>m  bite-acidB  has  been  observed  by  Hoppr^Skylsk  '  in  amyloid  de? cDeration  of  tLtt 
lim.  lu  BuimaU,  dogs,  and  esiiecmlly  nibbita  it  bus  been  obstrved  thut  Uie  blood* 
pi^m  .  ,  f.  ,>.  eq  into  ihe  bile  in  poisoning  and  nlher  cases,  causing  a  de&truct tort  of  tlio 
^tl  -  les,  us  also  after  intravenous  M-nioglobiu  injection  (Wertheimek  imd 

^U  '  MIKE,  Stebji'). 

lastead  of  bile  we  sometimes  find  in  the  gall-bladder  nnder  pathological 
^nditionB  a  more  or  lesa  Tiscoas,  thready,  colorless  Hiitd  which  contains 
P^endomiicinB  or  other  pecnliar  protein  substances.' 

Chemical  Formation  of  the  Bile.  The  first  question  to  be  answered  ia 
the  following:  Do  the  specific  constittients  of  the  bile,  the  bile-acids  and 
bile-pigments»  originate  in  the  li?er;  and  if  this  is  the  case,  do  they  come 
from  this  organ  only,  or  are  they  also  formed  elsewhere  ? 

The  investigations  of  the  blood,  and  especially  the  comparative  investi- 
gations of  the  blood  of  the  portal  and  hepatic  veins  nnder  normal  conditions. 
have  not  given  any  answer  to  this  question.  To  decide  this,  therefore,  it 
ij  necessary  to  extirpate  the  liver  of  animals  or  isolate  it  from  the  ciretila* 
tion.  If  the  bile  constitnenta  are  not  formed  in  the  liver,  or  at  least  not 
alone  in  this  organ,  hot  only  eliminated  from  the  blood,  then,  after  the 
extirpation  or  removal  of  the  liver  from  the  circnlation,  an  accnmnlation  of 
the  bile  constitnenta  is  to  be  expected  in  the  blood  and  tissnes.  If  the  bile 
const] taents,  on  the  contrary,  are  formed  excinsively  in  the  liver,  then  the 
above  operation  natorally  wonld  give  no  anch  result.  If  the  choledochna 
dact  is  tied,  then  the  bile  constitoents  will  be  collectetl  in  the  blood  or 
tissnea  whether  they  are  formed  in  the  liver  or  elsewhere. 

From  these  principles  Eobker  has  tried  to  demonstrate  by  experiments 
on  frogs  that  the  bile-acids  are  prodnced  exclnaively  in  the  liver.  While  he 
iras  nnable  to  detect  any  bile -acids  in  the  blood  and  tissues  of  these  animals 
after  extirpation  of  the  liver,  still  he  was  able  to  discover  them  on  tying  the 
choledochns  dnct.  The  investigations  of  Lupwio  and  Fleischl*  show 
that  in  the  dog  the  bile-acids  originate  in  the  liver  alone.  After  tying  the 
choledochna  dnct  they  observed  that  the  bile  constitnenta  were  absorbed  by 
the  lymphatic  vessels  of  the  liver  and  passed  into  the  blood  through  the 
thoracic  dnct.  Bile-acids  could  be  detected  in  the  blood  after  such  an 
operation,  while  they  could  not  be  detected  in  the  normal  blood.  But 
when  the  choledochns  and  thoracic  ducts  were  both  tied  at  the  same  time, 
then  not  the  least  trace  of  bile-acids  could  be  detected  in  the  blood,  while 


^  Hitter,  Compt.  rend.,  Tome  74,  nnd  Journ.  de  ranat.  et  de  la  physlol.  (Robin),  187'i  ; 
Hoppe-SeyJcr,  Physiol.  Chem.,  8.  817. 

•  Werthclmer  and  Meyer,  Compt,  rend.,  Tome  106 ;  Flkhne,  Virchow'a  Arch.,  Be?. 
121  ;  Stern,  ibid,,  Bd.  133. 

I       *  Winternitz.  Zeitscbr.  f.  physiol.  Chera.,  Bd.  21, 

*  KObner.   see  Heidenbalii.    Pliyalologle  der  Absonderungavorgaoge  in  Hermann's 
Hindtmch,  Bd.  5  ;  Fleischl,  Arbeiteii  aus  dcr  physlol.  Anatiilt  zu  Leipzig,  Jabrgajjg  9. 


243 


THE  LI  VMM. 


if  they  are  aJbo  fonned  in  other  organs  and  tissTies  they  should  hate  been 
preaent. 

From  older  statementa  of  Cloez  and  Vulpian,  as  well  u&  \'irchow,  ib 
hile^aoids  also  occtir  in  the  ELiprarenal  capsule.     Tiiese  statementa  iiAveuot- 
been  confirmed  by  later  inveatigations  of  Stadelmanx  and  Beier.*  At 
the  present  time  we  have  no  ground  for  snppoeing  that  the  bile-acids  ir^ 
formed  elsewhere  tlian  in  the  liver. 

It  hae  been  indubitably  proved  that  the  hiU-pigments  may  be  formed  ia 
other  organa  besides  the  liver,  for,  as  ia  generally  admitted,  the  coloring 
matter  ha3matoidin,  which  occurs  in  old  blood  extravasations,  is  identicjl 
with  the  bile-pigments  bilirubin  (see  page  152).  Latschenberger' bai 
also  observed  in  horses,  under  pathological  conditions,  a  formation  of  l1il^ 
pigmenta  from  the  blood-coloring  matters  in  the  tisanea.  Also  the  occar- 
rence  of  bUe-pigmenta  in  the  placenta  seems  to  depend  on  their  formatioa 
in  that  organ,  while  the  occurrence  of  small  quantities  of  bile-pigments  m 
the  blood-serum  of  certain  animals  probably  depends  on  an  absorption  of 
the  same* 

Although  the  bile-pigmente  may  be  formed  in  other  organs  besides  tlie 
liver,  still  it  ia  of  first  importance  to  know  what  bearing  this  organ  has  on 
the  elimination  and  formation  of  bile-pigments.  In  this  regard  it  must  be 
recalled  that  the  liver  is  an  excretory  organ  for  the  bile-pigments  circukt* 
iug  in  the  blood.  Takciianoff  has  observed,  in  a  dog  with  biliary  fistoK 
that  intravenous  injection  of  bilirnbin  caasea  a  very  considerable  increase  in 
the  hile-pigmeota  eliminated.  This  statement  has  been  conlirmed  lately  bj 
the  investigations  of  Vossius.' 

KamerouB  experiments  have  been  made  to  decide  the  question  whether 
the  bile-pigmenta  are  only  eliminated  by  the  liver  or  whether  they  are  alw 
formed  therein.  By  experimenting  on  pigeons  Stern  was  able  to  detect 
bile-pigmenta  in  the  blood-serum  five  hoara  after  tying  the  biliary  paasagei 
alone,  while  after  tying  all  the  vesaela  of  the  liver  and  also  the  bihary 
passages  no  bile-pigments  could  be  detected  either  in  the  blood  or  the 
tissaea  of  the  animal,  which  was  kUled  10-1^  hours  after  the  operation. 
Minkowski  and  Xaunyk*  have  also  found  that  poisoning  with  araeni- 
nretted  hydrogen  produces  a  liberal  formation  of  bile*pigments  and  the 
secretion^  after  a  short  time,  of  a  urine  rich  in  biliverdin  in  previonsly 
healthy  geese.     In  geese  with  extirpated  livers  this  does  not  occnr. 

Xo  such  experimenta  can  be  carried  oat  on  mammalia,  as  they  do  not 
live  long  enough  after  the  operation;  atiU  there  is  no  doubt  that  thiti  organ 

*  ZeiUchr.  f.  phyaloL  Chera.,  Bd.  18,  ia  which  the  older  llleralure  may  be  found* 

*  See  Maly'a  Jabresber.,  Bd.  16.  aod  MoDatahefte  f.  Chftn,,  Bd.  9. 

*  Tiirchuooir,  Ptniger'fl  Arch.,  Bd.  9  ;  Vossiu*^  cikd  from  Siudelmaun.  Dcr  Icterut. 

*  Blero,  Aitih.  f.  exp.  Path.  u.  Pharm.,  Bd.  10;  Minkowski  aod  Ntiuuyu*  ibid.,  Bii 
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i»  the  chief  seat  of  the  formation  of  bile-pigments  ander  phyeiological  con- 
[  t/itions. 

In  regard  to  the  materials  from  which  tlie  bile^aeids  are  produced,  it 

^y  be  said  with  certainty  that  the  two  componenta,  glycocoll  and  taurin, 

rhich  are  both  nitrogenized,  are  formed  from  tlie  protein  bodies.     In  regard 

the  origin  of  the  non-nitrogenized  choklic  acid,  which  was   formerly 

conaidered  as  originating  from  the  fats,  we  know  nothing  positively. 

The  blood-coloring  matters  are  considered  as  the  mother-substance  of 
^ihe  bile-pigments.     If  tlie  identity  of  ha^matoidin  and  bilirtibin  was  settled 
iyond  a  doubt,  then  this  view  might  be  considered  as  proved,     Independ- 
I  ^titly,  however,  of  this  identity^  which  is  not  admitted  by  all  investigators^ 
the  view  that  the  bile-pigments  are  derived  from  the  blood-coloring  matters 
has  strong  arguments  in  its  favor.     It  has  been  shown  by  several  experi- 
menters that  a  yellow  or  yellowish-red  pigment  can  be  formed  from  the 
ood-coloring  matters,  which  gives  G helix's  test,  and  which,  thongli  it 
not  form  a  complete  bile-pigment,  is  at  least  a  step  in  its  formation 
^(Latschekberger).    a  further  proof  of  the  formation  of  the  bile-pigments 
from  the  blood-coloring  matters  consists  in  the  fact  that  haemal  in  yields 
urobilin,  which  is  identical  with  hydrobilirubin,  on  reduction  (see  Chapter 

PXVj,  Further,  h^Tmatoporphyrin  (see  page  151)  and  bilirubin  are  isomers, 
according  to  NENiKi  and  Siebeh,  uud  nearly  allied.  Tbe  formation  of 
bilirabin  from  the  bloorl-coloring  matters  is  shown,  according  to  the  obser- 

kTatioria  of  several  investigators,"  by  the  appearance  of  free  !ia?moglobin  in 
the  plasma — produced  by  the  destruction  of  the  red  corpuscles  by  widely 
differing  influences  (see  below)  or  by  the  injection  of  haemoglobin  solution 
— causing  an  increased  formation  of  bile-pigments.  The  amount  of  pig- 
meats  in  the  bile  is  not  only  considerably  increased,  but  the  bile-pigments 
may  even  pass  into  the  urine  under  certain  circnmstances  (icterus).  After 
the  injection  of  bfiemoglobin  solution  into  a  dog  either  snbcntaneotisly  or  in 

*the  peritoneal  cavity,  8tai>elmanx  and  Ciorodecki'  observed  in  the  &ecre- 
tion  of  pigments  by  the  bile  an  increase  of  61;^,  which  lasted  for  more  than 
twenty-four  hours* 

If,  then,  Iron-free  bilirubin  is  derived  from  the  hoematin  containing  iron, 
then  iron  must  be  split  off*  This  process  may  be  represented  by  the  follow- 
ing formula,  according  to  Kencki  and  Sieber  :'  C„II„^\OJ*'e  +  *^H,0  — Fe 
—  2C\.H,,N\0,,  The  question  in  what  form  or  combination  the  iron  is 
split  off  is  of  special  interest,  and  also  whether  it  is  eliminated  by  the  bile. 
This  latter  does  not  seem  to  be  the  case.  In  100  parte  of  bilirubin  which 
ara  eliminated  by  the  bile  there  are  only  I.4r-1.5  parts  iron,  according  to 


'  Bee  Studelmanu,  Der  Icterus,  etc.     Stuttgnr!,  1891. 

'  See  StadelDiiiDTi,  ibid, 

•  Arcli.  f.  exp.  Paib.  u.  Pharai.,  Bd.  24,  8.  440. 
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Kunkel;  while  100  parta  liasmatin  contain  about  0  parts  iron.  Minkowski 
and  Baserin"  "■  have  also  found  that  t!ie  abundant  formation  of  bile-pigmenti 
occnrrmg  in  poisoning  bj  areeoiu retted  hydrogen  does  not  increase  the 
qaaotity  of  iron  in  tlie  bile.  TJie  quantity  apparently  does  not  correspood 
with  that  in  the  decomposed  blood-coloring  matters.  It  follows  from  the 
researches  of  several  investigators '  that  the  iron  is,  at  least  chiefly,  retaind 
by  the  liver  as  a  ferruginous  pigment  or  protein  substance. 

What  relationship  does  the  formation  of  bile-acids  bear  to  the  fonnation 
of  bile-pigmenta?  Aro  these  two  chief  constituents  of  the  bile  derived 
simultaneously  from  the  same  material,  and  can  we  detect  a  certain  connec- 
tion between  the  formation  of  hilirnbin  and  bile-acids  in  the  liver?  The 
investigations  of  Stadelmann  teach  us  that  this  is  not  the  case.  With 
increased  formation  of  bile-pigments  the  bile-acids  decrease  and  the  snpplv 
of  hsemoglobin  to  the  liver  acts  in  strongly  increasing  the  formation  of 
bilirubin,  but  simultaneously  strongly  decreases  the  production  of  bile- 
acids.  According  to  Stadelmaxn  tlie  formation  of  bile-pigments  and 
bile-acids  is  due  to  a  speciid  activity  of  the  cells.  M 

According  to  tho  researches  of  Puolise'  the  spleen  has  the  property  of    , 
retaining  bodies  necessary  for  the  preparation  of  the  bile-pigments  in  the 
liver  and  gradually  transferring  them  to  the  liver  tlirougb  the  portal  veta,H 
On  the  extirpation  of  the  spleen  these  bodies  must  be  deposited  in  other  " 
organs,  namely,  the  marrow,  and  then  passes  to  the  liver  through  the  great 
circulation.      On    removing    the    spleen    the    secretion   of    bile-pigmenta 
diminishes  to  even  less  than  one  half.     The  spleen  extiqmtion  does  not 
otherwise  exercise  auy  intlnence  on  the  specific  gravity  of  the  bile  or  the 
percentage  of  solids  and  bodies  soluble  in  alcohol.  h 

An  absorption  of  bile  from  the  liver  aud  the  passage  of  the  bile  con- 
stitnetits  into  the  blood  and  urine  occurs  in  retarded  discharge  of  the  bile, 
and  usually  in  different  forms  of  hepalofjenic  icterus.  But  bile-pigments 
may  also  pass  into  the  nrine  nnder  other  circumstances,  especially  io 
animals  where  a  solution  or  deatroction  of  the  red  blood-corpuscles  take? 
place  through  injection  of  water  or  a  solution  of  biliary  salts,  through 
poisoning  by  ether»  chloroform,  arseniu retted  hydrogen,  phosphorus,  or 
toUuh  iiiliamin;  and  in  other  cases.  This  occurs  also  in  man  in  grave 
iufectious  diseases.  We  have  therefore  a  second  form  of  icterus,  in  which 
the  blood-coloring  matters  are  transformed  into  bile-pigments  elsewhem 
than  in  tho  liver,  namely,  in  the  blood^a  hwmaiogenic  or  anhepatogenio 


^  Kunkel,  Pdligcr'^  Arch.,  Bd.  14  ;  Mmkowski  and  Bascrli],  Arcb.  f.  exp,  Patli. 
Phatm.,  Bd.  23, 

*  See  Nauayij  mid  Miokowski.  ArcU,  f.  tip,  Palli.  u.  Plmrm.,  Bd.  21;  Lutsdieubcrgor^ 
I.  c:  Ni^umauu.  Vii chow's  Arch.,  Bd.  Ill,  and  the  literature  In  foot*note  3,  p.  907. 

*  Du  Boi3.Reymond*a  Arch.,  1899. 
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cierus.     The  occurrence  of  a  hematogenic  icterus  has  been  niaOe  very 
probable  by  the  important  investigations  of  Minkowski   and  Xaunyn, 

IApa^assiew,  Silbermann,  and  especially  Stadelmann.'  This  statement 
lifts  been  confirmed  in  certain  of  the  above-mentioned  cases,  as  after  poi- 
soning witli  phosphorus,  tolujlendiamin,  and  arseniuretted  hydrogen,  by 
direct  experiment. 

The  icterus  is  also  in  these  cases liepatogenic ;  it  depends  npon  an  absorp- 
tion of  bile-pigBients  from  the  liver,  and  this  absorption  seems  to  originate 
in  the  different  cases  in  somewhat  different  ways.  Tims  the  bile  may  be 
TiECons  and  cause  a  stowing  of  the  bile  by  counteracting  the  low  secretion 
presaare.  In  other  cases  the  fine  biliary  passages  may  be  compressed  by  an 
abnormal  swelling  of  the  liver-cells,  or  a  catarrh  of  the  bOe^passages  may 

,  occur  causing  a  stowage  of  the  bile  (Stadelmann)* 


Bile  Concretioni. 

The  concrements  which  occur  in  tire  gall-bladder  vary  considerably  in 
eize,  form,  and  number^  and  are  of  three  kinds,  depending  upon  the  kind 
and  nature  of  the  bodies  forming  their  chief  mass.  One  group  of  gall- 
etones  contains  lime-pigment  aa  chief  constituent,  tfie  other  choleaterin,  and 
the  third  calcium  carbonate  and  phosphate.  The  concremeuts  of  the  last- 
mentioned  group  occur  very  seldom  in  man.  The  so-called  cljoletiturin 
fitones  are  those  which  occur  most  frequently  in  man,  while  the  lime-pigment 
atones  are  not  found  ver}^  often  in  man,  bat  often  in  oxen. 

The  pigmeni'Siones  are  generally  not  large  in  man,  but  in  oxen  and  piga 
fthey  are  sometimes  found  the  size  of  a  walnut  or  even  larger.  In  moat 
cases  they  consist  chiefly  of  bilirubin-calclum  with  little  or  no  biiiverdin. 
Sometimea  also  small  black  or  greenish-black,  metallic-looking  stones  are 
found,  which  consist  chiefly  of  bilifascin  along  with  biiiverdin.  Iron  and 
copper  seem  to  be  regular  constituents  of  pigment-stoneQ,  Manganese  and 
zinc  have  also  been  found  in  a  few  cases.  The  pigment-stones  are  generally 
:  heavier  than  water. 

The  choUsterin' stones y  whose  size,  form,  color,  and  structure  may  vary 
greatly,  are  often  lighter  than  water.  The  fractured  surface  is  radiated, 
crystalline,  and  frequently  sliowa  crystalline,  concentric  layers.  The 
cleavage  fracture  is  waxy  in  appearance,  and  the  fractured  surface  when 
robbed  by  the  nail  also  becomes  like  wax.  By  rubbing  against  each  other 
in  the  gall-bladder  they  often  become  faceted  or  take  other  remarkaljle 
shapes.  Their  surface  is  sometiraes  nearly  white  and  waxlike,  but  generally 
their  color  is  variable.  They  are  sometimes  smooth,  in  other  cases  they  are 
rough  or  uneven.     The  quantity  of  choleeterin  in  the  stones  varies  from 

'  Tbe  literature  beloDgiag  to  tbls  lubject  is  foucd  In  Stadelmaaa,  Der  Icterus,  etc 
Stuttgart,  1891. 
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643-981  p.  in.  (Ritter').  The  cliolefiterin-stones  also  sometimes  contain 
vtiriable  amounts  of  lime-pigments  which  give  them  a  rerj  chjingeable 
appearance. 

CholeateriE.  This  body  ia  generally  considered  as  a  monovalent  alcohol 
of  the  form  ok  C„H^,.  on.  According  to  recent  investigations  it  has  been 
shown  that  the  molecule  contains  27  atoms  of  carbon.  The  formula  ia 
either  C,,H,^OH  {OberiiOllek)  or  C„1I,,0H  (Mautiiner  and  Suida). 
By  the  action  of  concentrated  sulphuric  acid  or  phosphoric  acid,  bat  also  ia 
other  ways,  hydrocarbons  are  obtained,  which  are  called  cholesimUm^ 
chotesteron^  and  choksterilene  (Zwexoer,  Walitzky,  and  others).  Mauth- 
KER  and  SuiDA,'  who  have  closely  studied  these  hydrocarbons,  have  been 
able  to  prepare  a  cryatallin©  cholesterlin  by  heating  cholesterin  with 
anhydrous  copper  sulphate.  On  oxidation  cholesterin  yields  partly  indif- 
ferent and  partly  acid  products,  which  seem  to  indicate  a  close  relationship 
between  cholesterin  and  cbolalic  acid.  The  hydrocarbons  stand,  according 
to  Weyl/  in  close  connection  with  the  terp^ne  group. 

Cholesterin  occurs  in  small  amounts  in  nearly  all  animal  fluids  and 
juices.  It  occurs  only  rarely  in  the  urine,  and  then  in  very  small  qnanti- 
ties.  It  is  also  found  in  the  different  tissues  and  organs — especially 
abnndant  in  the  brain  and  the  nervous  system, — further  in  the  yolk  of  the 
egg^  in  semen,  in  wool-fat  (together  with  isocholeaterin),  and  in  sebam.  II 
appears  also  in  the  contents  of  the  intestine,  in  excrements,  and  in  the 
meconium.  It  occurs  pathologically  especially  in  gall-stonee,  as  well  as  in 
atheromatous  cysts,  in  pus,  in  tuberculous  masses,  old  transudations,  cystic 
fluids,  sputum,  and  tumors.  It  does  not  exist  free  in  all  cases;  for  exam 
pie,  it  exists  in  part  as  fatty  acid  esters  in  wool-fat,  blood,  and  brain 
Several  kinds  of  cholesterin,  called  phytosterines^  have  been  found  in  tb 
plant  kingdom. 

Cholesterin  which  crystallizes  from  warm  alcohol  on  cooling,  and  that 
which  is  present  in  old  transudations,  contains  1  mol.  of  water  of  crystalliza- 
tion, melts  at  145°  C,  and  forms  colorless,  transparent  plates  whose  sides 
and  angles  frei^uently  appear  broken  and  whose  acute  angle  is  often  76**  30' 
or  87*^  30'.  In  large  quantities  it  appears  as  a  mass  of  white  plates  which 
shine  like  mother-of-pearl  and  have  a  greasy  feeh 

Cholesterin  is  insoluble  in  water,  dilute  acids  atid  alkalies.  It  is  neither 
dissolved  nor  changed  by  boiling  caustic  alkali.  It  is  easily  soluble  in  boil- 
ing alcohol,   and  crystallizes  on   cooling.     It   dissolves   readily  in   etheri 


I 


*  Journ.  de  I'anat.  et  de  hi  pbysioL  (Robin),  1872. 

»  Obermniler.  Du  Bois-UejmoDirs  Arch,,  1B89,  and  Zeitschr.  f.  physiol  Chem.,  BcL 
15,  MjiiithutM'  Bud  Suida,  Wfcn,  Sitzuugaber.,  Matb.  Nat.  Clssse,  Bd.  103,  Abtli.  Sft, 
wbicli  iilso  contains  the  older  literature. 

»  Du  Bois-Reymuiid'B  Arcli,,  1886.  8.  182. 
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chloroforoi,  and  benzol,  and  also  in  the  volatile  or  fatty  oik.    It  is  dissolved 

'  a  slight  extent  bj  alkali  salts  of  the  bile-acids. 

Among  the  many  corabiimtiona  of  cholesterin  studied  by  Obermi' lleb^ 

the  propionic  ester,  C,H^.CO.O.C„H„,  is  of  special  interest  becaase  of  the 

■  behavior  of  the  fased  combination  on  cooling,  and  is  nscd  in  the  detection  of 

Weholesterin.     For  the  detection  of  cholesterin  we  make  use  of  its  reaction 

with  concentrated  sal ph uric  acid,  which  gives  colored  products. 

■1  If  a  mixture  of  five  parts  sulphuric  acid  and  one  part  water  acts  on  a 
<;liole8terin  crsyfcal,  this  crystal  will  show  colored  rings,  first  a  bright 
carmine-red  and  then  Tiolet,  This  fact  is  made  use  of  in  the  microscopio 
detection  of  cholesterin.  Another  test,  and  one  very  good  for  the  micro* 
scopical  detection  of  cholesterin,  couaista  in  treating  the  crystals  first  with 
the  above  dilate  acid  and  then  witii  some  iodine  solution.  The  crystals  will 
be  gradually  colored  violet,  bluish  green,  and  a  beautiful  blue. 

Salkowski's  '    Reaction, — ^The   cholesterin  is  dissolved   in    chloroform 

And   then  treated  with  an  equal  volume  of  concentrated  snlphnric  acid. 

The   cholesterin   solution  becomes  first  bluish   red,   then   gradually  more 

I^Tiolet-red,    while    the  sulphuric  acid    appears  dark  red   with    a  greenish 

Bfiaorescence,     If  the  chloroform  solution  is  poured  into  a  porcelain  dish  it 

^becomes  violet,  then  green,  and  tiuallj  yellow. 

LiEBEUMANX-BuRCUAED*s*  Nead i OH,— DmolvB  the  cholesterin  in  about 
2  CO.  chloroform  and  add  first  10  drops  acetic  anhydride  and  then  concen- 
trated sulphuric  acid  drop  by  drop.  The  color  of  the  mixture  will  first  be  a 
beantifnl  red,  then  blue,  and  finally,  if  not  too  much  cholesterin  or  sulphuric 
mcid  is  present,  a  permanent  green.  In  the  presence  of  very  little  cholesterin 
the  green  color  may  appear  immediately. 

Pure,  dry  choleatenn  when  fusud  in  a  teal-lube  over  a  low  flame  with  two  lo  three 
drops  propionic  mihydride  yklds  a  mass  which  on  cooling  h  tirsl  violet,  then  blue, 
grecD,  oraDge,  carmiue  red,  ami  finally  copp<;r-red.  It  is  beat  to  re-fuse  the  maas  on  a 
glass  rod  and  then  to  obstTve  the  rod  on  cooliiig,  holding  it  against  a  dark  background 

^<OBERMiTLLER). 

Schjff's  Re/tHwn,  If  a  little  cholesterin  is  placed  in  a  porcelain  dish  with  the  addi- 
ion  of  a  few  drops  of  a  mixture  of  two  to  three  vols,  coiic.  hydrochloric  iicid  or  sul- 
phuric acid  and  one  vol.  of  a  tnediuni  Rolutioo  of  ferric  chloride,  and  furefully  evapo- 
rated to  dryneaaover  asmjill  flame,  a  reddiali- violet  residue  is  tirst  obtained  and  then  a 
bluish  violet. 

If  a  small  quantity  of  cholesterin  is  ev!t[Hirnted  to  dryness  with  a  droi^of  coucen- 
trated  uitric  acid,  we  obtain  a  yellow  flp<>i  which  hecameB  detp  orange- red  with  aui- 
itdOQia  or  caustic  soda  (not  a  cbumcteri»IJc  reuction). 

I  Soproiterin  la  the  name  given  by  Bo>mzYNSKT  for  the  cholesteHo  i&olatod  by  him 
I  from  huuittD  fiecea.  which  was  pnpared  earlier  by  Flint ^ and  designated  i<trrf&rt7t.  It 
l-d'^ftolves  in  cold,  absolute  alcohol  and  very  readily  in  ether,  chloroform  and  benzoL 
]  It  crystaUizes  in  tine  needles  which  meltal  9.^96'  C,  and  is  dexlro  rolalory,  a{B)  =  -h  24. 


'  Pfltlger'a  Arch.,  Bd.  fl. 

'C.  Liebermann,  Ber.  d,  deutsch.  chem.  Gesellacb  ,  Bd.  18,  8,  1804-  11.  nurciiard. 
Beftrfige  zur  Kennlniss  der  Cholesterine.     Bosiock,  1889. 

■  Bondzyoski,  Ber.  d.  deutscb,  chem.  Gesellsch,,  Bd.  29  ;  Bondzvuski  and  Hum- 
atekl.  Zeitficlir.  f,  pbyslol.  Chem..  Bd.  22;  Flint,  ibid.,  Bd.  23. 
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It  gives  the  same  color  reactions  as  cholesterin,  with  the  exception  that  it  does  not  gi?e& 
reaction  with  propionic  anhydride.  According  to  Bokdztnski  and  Humnicke  itisi 
dibydrocholesteriu,  with  the  formula  CsfHiaO,  which  is  derived  in  the  human  iotestinft 
by  the  reduction  of  ordinary  cholesterin.  Tliese  investigators  have  found  another  cho- 
lesterin.  hippokoprosterin,  with  the  formula  CsTUft40,  in  horses'  f»ces. 

Isocholesterin  is  a  cholesteriu,  so  called  by  Sghulze/  with  the  formida 
G,,H^,OH,  which  occars  in  wool-fat  and  is  therefore  fonnd  to  a  great 
extent  in  so-called  lanolin.  It  does  not  give  Salkowski's  reaction.  It 
melts  at  138-138.5°  C. 

We  make  use  of  the  so-called  cholesterin-stones  in  the  preparation  of 
cholesterin.  The  powder  is  first  boiled  with  water  and  then  repeatedly 
boiled  with  alcohol.  The  cholesterin  which  on  cooling  separates  from  the 
warm  filtered  solution  is  boiled  with  a  solution  of  caustic  potash  in  alcohol  so 
as  to  saponify  any  fat.  After  the  evaporation  of  the  alcohol  we  extract  the 
cholesterin  from  the  residue  with  ether,  by  which  the  soaps  are  not  dis- 
solvedy  filter,  evaporate  the  ether,  and  purify  the  cholesterin  by  recrystal- 
lization  from  alcohol-ether.  The  cholesterin  may  be  extracted  from  tissues 
and  fluids  by  first  extracting  with  ether  and  then  purifying  as  above.  It  ia 
detected  and  determined  quantitatively  in  tissue,  etc.,  by  this  same  method. 
It  is  ordinarily  easily  detected  in  transudations  and  pathological  formations 
by  means  of  the  microscope. 

^  Ber.  d.  deutsch.  chem.  GkseUsch.,  Bd.  6;  Journal  f.  prakt.  Chem..  N.  F.,  Bd.  25. 
S.  458 ;  and  Zeitschr.  f.  physiol.  Chem.,  Bd.  14,  8.  522.  See  also  £.  Schulze  and  J. 
Barbieri,  Journal  f.  prakt.  Chem.,  N.  F.,  Bd.  25,  8.  159.  In  regard  to  the  formula  for 
isocholesterin,  see  Darmstadter  and  Lifschutz,  Ber.  d.  deutsch.  chem.  Gesellsch.,  Bd. 
31,  and  E.  Bchulze,  itnd.,  8.  1200. 
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DIGESTION. 


The  pttrpose  of  the  digestion  is  to  separate  those  constitaents  of  the 
food  which  serve  as  the  notriment  of  the  body  from  thoBe  which  are  useless, 
and  to  separate  each  in  soch  a  form  that  It  may  be  taken  up  by  the  blood 
from  the  alimentary  canal  and  employed  for  the  various  purposes  in  the 
organism.  This  demands  not  only  mechanical  but  also  chemical  action. 
The  first  action,  which  is  essentially  dependent  upon  the  physical  propertied 
of  the  food,  consists  in  a  tearing,  catting,  crushing,  or  grinding  of  the  food, 
and  serves  chiefly  to  convert  the  nutritive  bodies  into  a  soltihle  and  easily 
absorbed  form,  or  in  the  splitting  of  the  same  into  simpler  combinations  for 
Qse  in  the  animal  syntheses.  The  solution  of  the  nutritive  bodies  may  take 
place  in  certain  cases  by  the  aid  of  water  alone,  but  in  most  cases  a  cliemical 
metamorphosis  or  cleavage  is  necessary,  and  is  effected  by  means  of  the  acid 
or  alkaline  flnids  secreted  by  the  glands.  The  study  of  the  processes  of 
digestion  from  a  chemical  standpoint  meat  therefore  begin  with  the  diges- 
tive fluids,  their  qualitative  and  quantitative  composition,  as  well  as  their 
action  on  the  nutriments  and  foods. 


I.  The  Salivary  Glands  aiicl  the  Saliva, 


^1  The  salivary  glands  are  partly  (dbttminous  glands  (as  the  parotid  in  man 
and  mammala  and  the  subraaxillary  in  rabbits),  partly  mucmts  glands  (as 
some  of  the  small  glands  in  the  buccal  cavity  and  the  sublingual  and  sub- 
maxillary glands  of  many  animals),  and  partly  mixed  glands  (as  the 
snbmaxillary  gland  in  man).  The  alveoli  of  the  albumin-glands  contain 
oella  which  are  rich  in  proteid,  but  contain  no  mucin.  The  alveoli  of  the 
macin-glands  contain  cells  rich  in  mucin  but  poor  in  proteid.  Cells 
arranged  in  different  ways,  bat  rich  in  proteids,  also  occur  in  the  submaxil- 
lary and  sublingual  glands.  According  to  the  analyses  of  Oidtmann'  the 
salivary  glands  of  a  dog  contain  790  p.  m.  water,  200  p.  m.  organic  and  10 
p.  m.  inorganic  solids. 

^m       *  dt.    from  Gorup-Befiaae^,  Lelirbuch  d.  pbyiiiol.  Chem., 
H  figures  there  givea  amouot  to  IDIO  parts  faatead  of  1000  parU. 


4.  Aui.,  8.  733.    The 
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Among  the  solids  we  find  mucin^  proieids^  nucleoproieids^  nuchin^ 
enzymes  and  their  zymogens^  beaideB  extractive  bodies^  leucin^  xanthin  hodm^ 
and  mineral  substances. 

The  occurrence  of  a  muclnogen  hm  tiot  been  proved.  On  the  complete  removal  of 
all  mucin  £.  Holhoren  ^  found  uo  muciuogen  in  iLe  submaxillary  glaad  of  the  ox,  but 
u  mudu-like  g  Ijco  uncle  op  mleid. 

The  saliva  is  a  mixtare  of  the  secretion  of  the  above-mentioned  groopi 
of  glands;  therefore  it  is  proper  that  we  first  study  each  of  the  different 
aecretioQS  by  it^elf^  aod  tlieu  the  mixed  suliva. 

The  submaxillary  saliva  in  man  may  be  easily  collected  bj  introdacing 
a  cannla  through  the  papillary  opening  into  Wharton's  dnct. 

The  submaxillary  saliva  has  not  always  the  same  composition  or  proper- 
ties; this  depends  essentially,  as  shown  by  experiments  on  animals,  npoQ 
the  conditions  under  which  the  secretion  takes  place.  That  is  to  say,  the 
secretion  is  partly  dependent  on  the  cerebral  system,  through  the  facial 
fibres  in  the  chorda  tympani  and  partly  on  the  ajmpatbetic  nervoas  system, 
throngh  tlie  fibres  entering  the  vessels  in  the  gland.  In  consequence  of  thia 
dependence  the  two  distinct  varieties  of  submaxillary  secretion  are  distin* 
guished  as  chorda^  and  sympaihetic  saliva.  A  third  kind  of  saliva,  the 
so-called  paralytic  saliva^  is  secreted  after  poisoning  with  cnrara  or  after  the 
severing  of  the  glandular  nerves. 

The  difference  between  chorda*  and  sympathetic  saliva  (in  dogs)  consista 
chiefly  in  their  quantitative  constitution,  namely,  the  less  abundant  sym- 
pathetic saliva  is  more  viscous  and  richer  in  solids,  especially  in  mucin, 
than  the  more  abundant  chorda-saliva.  The  specific  gravity  of  the  chorda- 
saliva  of  the  dog  ia  1.0039-1,0056  and  contains  12-14  p.  m*  solids 
(EcKHARjj'*).  The  sympathetic  lias  a  specific  gravity  of  1,0075-1.018,  with 
10-2B  p.  m,  solids.  The  gases  of  the  chorda-saliva  have  been  investigated 
by  Pfluoeh/  lie  found  0.5-0. 8j^  oxygen,  0.0-1^^  nitrogen,  and  G4.73- 
85.13^  carbon  dioxide— all  results  calculated  at  0**  C*  and  760  mm.  pressore. 
The  grefiter  part  of  the  carbon  dioxide  was  chemically  combined. 

The  two  kinds  of  submaxillary  secretion  just  named  have  not  thas  far 
been  separately  studied  in  man.  The  secretion  may  be  excited  by  a  moral 
emotion,  by  mastication,  and  by  irritating  the  mucons  membrane  of  the 
mouth,  eapeclally  with  acid-tasting  substances.  The  submaxillary  saliva  in 
man  ia  ordinarily  clear,  rather  thin,  a  little  ropy,  and  froths  easily.  Its 
reaction  is  alkaline.  The  specific  gravity  is  1.002-1.003,  and  it  contains 
3.0—1.5  p.  m.  solids/     We  find  as  organic  constitaents  mncin,  traces  of 

"  Upaala  Lflkfiref,  FGrh.  (N.  F.).  Bd.  2;  alao  Maly'a  Jalireflber.,  Bd-  37. 
'  Cited  fram  KUliDe,  Lebrb.  d.  physiol.  Cbem.,  S.  7. 
»PflUger'a  Arck..  Bd,  L 

*  See  Maly,    **Chemle  der  Yerdauungaaafte  uDd  der  VerdaiiUDg "  in  Hermann's 
Haadb..  Bd.  5,  Tb.  2,  S.  18.     Tbis  article  contains  also  tbe  perlinent  lUeralure. 
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proteid  and  diastatic  enzyme,  which  la  absent  in  eeveral  Bpecies  of  animals. 
FThe  inorganic  bodies  are  alkali  chlorides,  sodinm  and  irjagneaiuni  phos- 
phates, besides  bicarbonatesof  the  alkalies  and  calcjom*  Potassinm  snlpho- 
^vanide  occnrs  in  this  suliva. 

The  Sublingpial  Saliva.  The  eecretion  of  this  saliva  is  also  iniliienced 
>j  tiie  cerebral  and  the  sympathetic  ner70iis<  system.  The  chorda-saliva, 
which  is  secreted  only  to  a  small  extent,  contains  numerous  salivary  corpna- 
cles,  bnt  is  otherwise  transparent  and  very  ropy.  Its  reaction  is  alkaline 
and  contains,  according  to  liEiDExnAiN,^  27.5  p.  nu  solids  (in  doge). 

The  snblingual  secretion  in  man  is  clear,  mncilaginoos,  more  alkaline 
than  the  submaxillary  saliva,  and  contains  mucin,  diastatic  enzyme,  and 
potassium  snlphocyanide. 

Buccal  mucus  can  only  he  obtained  pure  from  animals  by  the  method 
suggested  by  Bidder  and  Schjiidt,  which  consists  in  tying  the  exit  to  all 
the  large  salivary  glands  and  cutting  off  their  gecretion  from  the  mouth. 
The  quantity  of  lic|oid  secreted  under  these  circumstances  {in  dogs)  was  so 
very  small  that  the  investigators  named  were  able  to  collect  only  "Z  grms. 
bnccal  mucus  in  the  course  of  twenty-four  hours.  It  is  a  thick,  ropy, 
sticky  liquid  containing  mucin;  it  is  rich  in  fomi-elementB,  above  all  in  flat 
epithelium -cells,  nmcooB  cells,  and   ealivary  corpuscles.     The    quantity  of 

Leollds   in    the   bnccal    niiicus   of    the    dog  is,    according   to    Biddeu   and 
Schmidt,'  0.98  p.  m. 

Parotid  Saliva.     The  secretion  of  this  saliva  is  also  partly  dependent  on 

I  the  cerebral   nervous   system    (n.    gloasopharyngeos)    and    partly   on   the 

psympatbetic.  The  secretion  may  he  excited  by  mental  emotions  and  by 
irritation  of  the  glandular  nerves,  either  directly  (in  aninials)  or  reflexly,  by 

[mechanical  or  chemical  irritation  of  the  nincoas  memlirane  of  the  mouth. 

f  Among  the  chemical  irritants  the  acids  take  first  place,  while  alkalies  and 
pungent  sobstances  have  little  action.  Sweet- tasting  bodies,  Buch  as  honey, 
are  said  to  have  no  effect.  Mastication  has  great  influence  in  the  sere t ion 
of  parotid  saliva,  which  is  especially  marked  in  certain  herbivoni, 

i  Human  parotid  saliva  may  be  readily  collected  by  the  introduction  of  a 
cannla  into  Stexsok's  duct.  This  saliva  is  thin,  less  alkaline  than  the 
submaxillar}^  saliva  (the  first  drops  are  sometimes  neutral  or  acid),  without 
special  odor  or  taste.  It  contains  a  little  proteid  but  no  niacin,  which  is  to 
be  expected  from  the  construction  of  the  gland.  It  also  contains  a  diastatic 
enzyme,  which,  however,  is  absent  in  many  animals.  The  quantity  of  solids 
varies  between  5  and  16  p.  m.  The  specific  gravity  is  1.003-1.012. 
Potassium  solphoryanide  seems  to  be  present,  though  it  is  not  a  constant 
constituent.     KClz*  fonnd  1.46^  oxygen,  3.2*^  nitrogen,  and  in  all  B6.7j< 

*  Siudlen  d.  phyaioL  Insikuls  zn  Brealau,  Hefi  4. 

*  Die  Vei  datuin^ilfte  und  der  Btoffwechsel  (Mitau  aad  Leip^g,  186S),  S.  6b 
» Zeitflchr.  f.  Bhiloijle,  Bd.  28. 
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carbon  dioxide  in  human  parotid  saliva.     The  qnantitj  of  firmly  combined 
carbon  (Jioxide  was  G2^. 

The  mixed  buccal  aaliva  in  man  is  a  colorless,  faintly  opalescent,  slightly 
ropy,  easily  froth iog  liquid  without  special  odor  or  taste*  It  is  made  tnrbid 
by  epithelium-cells,  mucous  and  salivary  corpuscles,  and  often  by  food 
residues*  Like  the  sabmaxillary  and  parotid  saliva,  on  exposure  to  the  air 
it  becomes  covered  with  an  incrustation  consisting  of  calcium  carbonate  and 
a  small  quantity  of  ao  organic  substance,  or  it  gradually  becomes  clondj. 
Its  reaction  is  generally  alkaline  to  litmus,  and  according  to  CiifTTEXDEK 
and  Ely  it  corresponds  to  the  alkalinity  of  a  0.8  p.  m.  Xa,CO,  solution. 
Still  the  alkalinity  varies  (CniTTENDEN  and  Ricuakds)  and  may  also  be 
acid,  as  found  by  Strickek  '  to  be  the  case  some  time  after  a  meal.  The 
specific  gravity  variea  between  L002  and  1.008,  and  the  quantity  of  solids 
betweeti  5  and  10  p.  m.  The  solids,  irrespective  of  the  form-constitnents 
mentioned,  consist  of  proteid,  mncin,  two  enzymes,  ptyalin  and  gluaise^  and 
mineral  bodies.  It  is  also  claimed  that  iirea  is  a  normal  constituent  of  the 
Baliva*  The  mineral  bodies  are  alkali  chlorides,  bicarbonates  of  the  alkalies 
and  calcium,  phosphates,  and  traces  of  sulphates,  nitrites,  and  sulpho- 
cyanides  (0.1  p,  m*  Mcnk)  and  ammonia.  Kuijger'  has  recently  shown 
that  tlie  saliva  from  smokers  contains  more  sulphocyanides  than  that  from 
non-smokers. 

Snlphocyanides,  which,  although  not  constant,  occnr  in  the  saliva  of 
man  and  certain  animals,  may  be  easily  detected  by  first  acidifying  the 
saliva  with  hydrochloric  acid  and  treating  with  a  very  dilute  solntioti  of 
ferric  chloride.  As  control,  especially  in  the  presence  of  very  smatt  qaan- 
tities,  it  is  best  to  compare  the  test  with  another  test-tube  containing  an 
equal  amount  of  acidulated  water  aDd  ferric  cliloride.  Other  methods  have 
been  suggested  by  Gscheidlen  and  Solera*  The  quantitative  estimation 
can  be  done  according  to  Muxk^s  '  method. 

Ftyalin,  or  salivary  diastase,  is  the  amylolytic  enzyme  of  the  saliva. ■ 
This  enzyme  is  found  in  humjn  saliva,*  hut  not  in  that  of  all  animals* 
especially  not  in  the  typical  cunivora.  It  occurs  not  only  in  adnlte,  bat 
also  in  new-born  infants.  Zweifel  *  claims  that  the  ptyalin  in  new-bom 
infanta  occurs  only  in  the  parotid  gland,  but  not  in  the  sabmaxillary. 
In  the  latter  it  appears  only  two  months  after  birth. 

»  Chittenden  and  Ely.  Amer.  Cheoi.  Journ.,  VoL  4.  1888 ;  Cbittendeii  and  Hicliardi^ 
Amer.  Journ.of  Physiol,  Vol.  1  ;  Strieker,  cited  from  CeulralbL  f.  Physiol.,  Bd.  8,  £L  i 


■  Zeitachr.  f.  Klin.  Med.,  Bd,  32, 

>  Gscbddlen,  Muly*a  Jahresber,,  Bd.  4;  Bolera.  see  tT>id,,  Bdd,  7  and  6;  Muok.  Tir- 
chow's  Areli.,  Btl.  69. 

*  In  r(>gnn1  tn  the  rnrlatlon  in  tbcqiiaatity  of  piyallD  ia  hmnaa  saliva  aee  :  Uofbaueiv 
Cenlralbl  f,  PbyaioL.  Bd.  10,  aad  Chitieodeu  and  Richards,  Amer  Joura.  of  Physiol. 
Vol.  I. 

'  Unlereuchungeo  ttber  den  Verdauungwipparat  der  Neugeboreaen.     Berlin,  1874 
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^  According  to  H.  Goldschmiot*  the  saliva  (parotid  saliva)  of  the  liorse  does  not  con* 
J  lain  pijatiu,  bui  a  zymogen  uf  ibe  same,  while  Id  other  uiiiiiiuls  and  luati  ih*,*  pyialin  La 
I  furnieti  from  the  zymogeu  dunog  secretlou      In  liorsua  the  zymugeu  is  traiifiroriiie^l  into 

piyalin   during  maaticutkm^  And  bacteria  seem   to  give  the  impulse  lo   iliis  change. 

Xhiring  precipTtatioa  wiih  alcohol  the  zymogeo  is  chaoged  into  (nyallu. 

I  Ptjalin  has  not  been  isolated  in  a  pore  form  op  to  the  present  time.  It 
can  be  obtained  purest  by  Coiiniieim's  '  nietliod,  whicli  coiieists  in  carrying 
the  enzyme  down  mechanically  with  a  calcium-phoBphate  precipitate  and 
washing  the  precipitate  with  water,  which  dissolTee  the  ptyalin,  and  from 
which  it  can  be  obtained  by  precipitating  with  alcohol*  For  the  study  or 
demonstration  of  the  action  of  ptyalin  we  may  nse  a  watery  or  glycerin 
extract  of  the  saliyary  glands,  or  simpiy  the  saliva  itself. 

Ptyalin,  like  other  enzymes,  is  characterized  by  its  action.  This  coasiBts 
in  converting  starch  into  dextrios  and  sugar*  In  regard  to  the  process 
going  on  in  this  conversion  we  are  not  quite  clean  In  general  it  may  be 
described  as  follows:  In  the  first  stages  soluble  starch  or  amidulin  ia  formed. 
From  this  amidulin,  erythrodextrin  and  engar  are  produced  by  hydrolytic 
eleav^e.  The  erythrodextrin  then  splits  into  fif-achroodeitrin  and  sugar. 
From  this  achroodextrin  by  splitting  /!?-achroodestrin  and  sngar  are  formed, 
rand  finally  this  y?-achroodextrin  splits  into  sugar  and  ;^-achroodextrin. 
According  to  a  few  investigators  the  number  of  dextrins  formed  as  inter- 
mediate steps  is  di^erent.*  It  it$  only  within  a  very  short  time  that  it  has 
been  made  clear  what  kind  of  engar  ia  produced  in  this  process.  For  a 
long  time  it  was  considered  that  dextrose  was  the  sugar  formed  from  starch 
and  glycogen,  but  Seegex  and  O.  Nasse  have  shown  that  this  is  not  true. 
McscL'LUS  and  v.  Merino  have  shown  that  the  sugar  formed  by  the 
[Action  of  saliva,  amylopain,  and  diastase  upon  starch  and  glycogen  is  in 
'greatest  part  maltose.  This  has  been  substantiated  by  Brown  and  Heron. 
Lately  E.  KuLZ  and  J.  Vooel*  have  demonstrated  that  in  the  saccharifica* 
tion  of  starch  and  glycogen  isomaltose,  maltose,  and  some  dextrose  are 
formed,  the  varying  quantities  depending  upon  the  amount  of  ferment  and 
length  of  action.  The  formation  of  glucose  is  claimed  by  Tebb,  Ruhmanjt 
and  IlAMBCTttGER '  to  be  only  a  product  of  the  inversion  of  the  maltose  by 
the  glacase. 

In  the  past  ptyalin  and  malt  diastase  were  not  considered  identical  on 


•  Zcilschr  f.  physiol.  Chem..  Bd.  10. 

•  Vlrchow's  Arch.,  Bd.  38. 
»  8ee  Chapter  III.  p.  80. 

•  8eegeD,  Ceotralbl  f.  d.  med.  Wiasensch.,  1870,  and  Pflilger'a  Arch.,  Bd.  1ft  ;  Naase, 
Ibid.,  Bd.  14;  MuscqIus  aod  v.  MeHng,  Zeilschr.  f.  physiol.  Chem.,  Bd.  3  ;  Brown  and 
HeroD,  Liebig's  Aunah,  Bdd.  199  and  204;  Klllz  and  Vogcl,  Zeltachr.  f.  Biologic.  Bd. 
Bl. 

»Tebb,  Journ.  of  PhysioL,  Vol.  15;  Mhmana*  Ber.  d.  deutsch.  chem.  Gesell&ch.^ 
Bd.  27  ,  Hamburger,  Ptiager*B  Arch,,  Bd.  60. 
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accoont  of  the  difterent  temperatures  at  wkich  they  are  meet  actire.    Th# 
correctness  of  such  a  view  lias  baeti  disputed  by  the  reflearches  of  Puglise.' 

The  action  of  ptyalin  in   various   rmctions  has   been  the  subject  of 
namerous  iuveatigatioua.'     Naturally  the  alkaline  saliva  is  very  active,  but 
it  18  not  as  active  as  when  nentra!.     It  may  be  still  more  active  ander  cir- 
cnmstances  in  faintly  acid  reaction,  and  according   to  Chittekdex  and 
Smitu  it  acts  better  when  enongh  hydrochloric  acid  is  added  to  saturate 
the  proteids  present  than  when  only  simply  neutralized.     When  the  acid- 
combined  proteid  exceeds  a  certain   amount,  then  the  diastatic  action  ia 
diminished.     The  addition  of  alkali  to  the  saliva  decreases   its  diastatic 
action;  on  neutralizing  the  alkali  with  acid  or  carbon  dioxide  the  retarding 
or  preventive  action  of  the  alkali  is  arrested.     According  to  Schierbeck 
carbon  dioxide  has  an  accelerating  action  in  neutral  liquids,  while  Ebstejn 
claims  that  it  fuia  as  a  rale  a  retarding  action.     Organic  as  well  aa  inorganic 
acids,   when  added  in  suflicient  quantity,    may  stop  the  diastatic  action 
entirely.     The  degree  of  acidity  necessary  in  this  case  is  not  always  the  \ 
same  for  a  certain  acid,  bat  ia  dependent  upon  the  quantity  of  ferment* 
The  same  degree  of  acidity  in  the  presence  of  large  amounts  of  ferment  hasi 
a  weaker  action  than  in  the  presence  of  smaller  quantities.     Hydrochloric 
acid  is  of  special  physiological  interest  in  this  regard,  namely,  it  prevents  I 
tbe  formation  of  sugar  even  in  very  small  amounts  (0.03  p.  ni,).     Hydro- 
chloric acid  has  not  only  the  property  of  preventing  the  formation  of  sugar^ 
bat,  as  shown  by  Langley,  Nylen,  and  others,  may  entirely  destroy  the 
enzyme.     This  is  important  In  regard  to  the  physiological  significance  of 
the  saliva.     That  boiled  starch  (paste)  is  quickly,  and  unboiled  starch  only 
slowly,  converted  into  sugar  is  also  of  interest.     Varions  kinds  of  unboiled 
starch  are  converted  with  different  degrees  of  rapidity. 

The  rapulUtj  with  winch  ptyalin  acts  increases,  at  least  under  conditionB 
otherwise  favorable,  with  the  amount  of  enzyme  and  with  an  increasing  i 
teifiperature  to  a  little  above  +  40*^  C*  Foreign  substances^  such  as  metallic 
salts,"  have  diSerent  effects.  Certain  salts  even  in  small  qnantities  com- 
pletely arrest  the  action ;  for  example,  HgOl,  accomplishes  this  resnlt  com- 
pletely by  the  presence  of  only  0.05  p.  in.  Other  salts,  such  as  magnesium 
snlphate,  in  small  quantities  (0.25  p.  m.)  accelerate,  and  in  larger  quantitJM 


^^^  *  PflQger^a  Arch.,  Bd.  69. 

^^^^  '  8ee  llaiJimurBtet],  Muly'a  Jahreabcr.,  Bd.  I  ;  Chiueudea  and  Griawold,  JLmer.  ClieHL 

V  JourQ.,  Vol.  3  ;  Laugley,  Jounml  of  PbysiiiL»  V<ih  3  ;  Nylen,  Maly's  Jithreai/ur,  Bd.  12, 

H  S.  241  ;  CliitteDden  and  Ely.  Amer.  Chirm.  Jomti  ,  Vol   1 ,  Luiigloy  imd  Evcs»  Jouronl 

I  of  Phyaiol.,  Vol  4;  Cliilteoden  and  Sinftli,  Yale  Collei^e  Studk-s,  Vt>L  1.  188.5,  p.  1; 

■  ScVdefiioger,  Vlrchow'a  Areb.,  Bd.  126;  Shicrbeck,  Skand.  Arch.  f.  Physiol.  Bd.  8; 
H  Ebatda  and  C.  Schtilze,  Vircbow's  Arch.,  Bd.  134. 

■  *  St'€  O.  Nasse,  PflQger's  Arch.,  Bd.  11,  and  ChlUenden  aod  Painter.  Yale  College 
^  J^tudies.  Vol.  1,  1885.  p,  52. 
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(5  p.  m.)  check  the  action.  The  preaeQce  of  peptone  has  an  accelerating 
ftOtioQ  on  the  sugar  formation  (Chittenden  and  Smitu  and  others).  The 
accumulation  of  the  prodvcts  of  the  amylobjtic  decomposition  also  checks  the 
action  of  the  saliva*  Thie  has  been  shown  by  special  experiments  made  by 
Sn.  Lea.*  He  made  parallel  experiments  with  digestions  in  test-tubeB  and 
in  dialyzers,  and  found  on  tbe  removal  of  the  prod  nets  of  the  amylolytio 
decomposition  by  dialysis  that  the  formatiOD  of  sugar  took  place  sooner, 
bat  also  that  considerably  more  maltose  and  less  dextrin  was  formed. 

To  show  the  action  of  ealivaor  ptyalin  on  starch  the  three  ordinary  teats 
for  dextrose  may  be  nsed,  namely,  Moore^s  or  Trommer's  test  or  the 
bismuth  test  (see  Chapter  XV).  It  is  also  necessary,  as  a  control,  to  first 
teat  the  starch-paste  and  the  saliva  for  the  presence  of  dextrose.  The  steps 
formed  in  the  transformation  of  starch  into  amidiiiin,  erythrodextrin,  and 
achroodextrin  may  be  shown  by  testing  with  iodine, 

G Incase  only  occurs  in  saliva  to  a  slight  extent.  It  converts  mallose 
into  glucose.  According  to  Strickee  *  saliva  also  has  the  power  of  splitting 
Bolphuretted  hydrogen  from  the  sulphur  oils  of  radishes,  onions,  and  certain 
other  kitchen  vegetables. 

The  quantitative  composiiion  of  the  mixed  saliva  must  vary  consklerably, 
not  only  because  of  individual  differences,  but  also  hecatiae  nnder  varying^ 
conditions  there  may  be  an  unequal  division  of  the  gecretiou  from  the  differ- 
ent glands.  We  give  below  a  few  analyses  of  human  saliva  as  example  of 
its  composition.     The  results  are  in  parts  per  1000. 


^ Water,...  

[Solids 

Mucus  nntl  epithelium    ..... 

Soluble  r-rganic  Biibstaocea  . 

(PtyiUin  of  e«rtj  InroNtlgiitorft.) 

BulpoocyaDidea. 

8dto..... • 


1.0 


99S.16 
4.84 


0.06 


L82 


d04.1 
5.9 


118 
1.43 

a  10 


2.19 


088.  B 
11.7 


994.7 
5.8 


8. 37 


1.03 


3.5-8.4 

ID 

filtered 
saliva. 


0.064 

to 
0.09 


994.3 

5.8 


0.04 


2.2 


HAMMSHBACHBa  fouDd  lu  lOOO  partd  of  tbe  ash  from  htiman  saliva :  potasb  457.2. 
*oda  95.9.  iron  oxide  50.11,  magDeela  1  55,  sulphuric  aohyd ride  <SOi)  63.8,  phospliorlo 
anhydride  (P,0,)  188.48.  aud  cblorine  183.52, 


»  Joum.  of  Physiol,  To!.  11, 

•  MHoct],  med.  Wocheuscbr.,  Bd.  43. 

•  Zeilschn   f.  phyaioL  Chem..  Bd.   5.      The  other  anivlysea  are  cited  from  Maly, 
Chemie  der  Vertlauungsatlfte,  Hermann's  Handbuch  d.  Physiol.,  Bd,  5,  Th.  2,  8»  14. 
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The  quantity  of  saliva  secreted  during  24  hours  cannot  be  exactlj  deter- 
minedi  bat  lias  been  calculated  bj  Biddeb  and  Schmidt  to  be  1400-1500 
grms.  The  most  abundant  secretion  occurs  during  meal-times.  Accordifl| 
to  the  calculatioas  and  determinations  of  Titczek  *  in  man,  1  grm,  of  gland 
yields  13  grms.  secretion  in  the  course  of  one  hour  dnring  masticstioD. 
These  figures  correspond  fairly  well  with  those  representing  the  aTeragv 
secretion  from  1  grm.  of  gland  in  animals,  namely,  14.2  grms.  in  tliehone 
and  8  grms.  in  oien,  Tlie  quantity  of  secretion  per  hour  may  l>e  8  to  14 
times  greater  than  the  entire  mass  of  glands,  and  there  is  probably  no  gland 
in  the  entire  body,  as  far  as  we  know  at  present — the  kidneys  not  excepted 
— whose  ability  of  secretion  under  physiological  conditions  equals  that  of 
the  salivary  glands.  A  remarkably  abundant  secretion  of  saliva  is  induced 
by  pilocarpin,  while  atropin,  on  the  contrary,  prevents  it. 

Though  an  abomlant  secretion  of  saliva  is  produced,  as  a  rule,  bj  an 
increased  supply  of  blood,  still  it  is  not  a  simple  filtration  process,  as  seen 
from  the  following  circumstances.  The  secretion-pressure  is  greater  than 
the  blood-pressure  in  the  carotid,  and  in  poisoning  by  atropin,  whicli 
paralyzes  the  secretory  nerves,  an  increased  supply  of  blood  is  produced  by 
irritation  of  the  chorda,  but  no  secretion.  The  salivary  glands  have  more* 
over  a  specific  property  of  eiiminating  certain  substances,  such  as  potaesium 
salts  (^Salkowski*),  iodine,  and  bromine  combinations,  but  not  others,  sacU 
as  iron  combinations.  It  is  also  noticeable  that  the  saliva  is  richer  in  solids 
when  it  is  eliminated  quickly  by  gradually  increased  irritation,  and  in  larger 
quantities  than  when  the  secretion  is  slower  and  less  abundant  (Ueide^'- 
hain)*  The  amount  of  salts  increases  also  to  a  certain  degree  by  an 
increasing  rapidity  of  elimination  (Heidekhain,  Wekther,  Laxoley  and 
Fletcher,  Xovi'). 

Like  the  secretion  processes  in  general,  the  secretion  of  saliva  is  closely 
connected  with  the  processes  in  the  cells.  The  chemical  processes  gomgoo 
in  these  cells  during  secretion  are  still  unknown. 

The  Phffsiological  Importance  of  the  Saliva.  The  quantity  of  water  in 
the  saliva  renders  possible  the  effects  of  certain  bodies  on  the  organs  of  taste, 
and  it  also  serves  as  a  solvent  for  a  part  of  the  nutritive  substances.  The 
importance  of  the  saliva  in  mastication  is  especially  marked  in  herbivora, 
and  there  is  no  question  of  its  importance  in  facilitating  the  act  of  swallow- 
ing. The  power  of  converting  starch  into  sugar  is  not  inherent  in  the 
saliva  of  all  animals,  and  even  when  it  possesses  this  property  the  intensity 


»  Bidder  and  Bclimidt,  I  c,  8.  13  i  Tuczek,  Zeitschr.  f.  Biologic,  Bd,  18, 

•  Virclicnv's  Arcii.,  Bd,  53, 

>  IleUieuludiJ,  PtlQger's  Arch,,  Ed.  17  ;  Werther.  ibid.,  Ed.  38  ;  Laoglcy  rinci  Fleiclier, 
Proc.  Roy,  Soc.,  Vol,  45,  ABd  especially  Pbil.  Traus,  Roy.  Soc.  Loudon,  Vol.  ISi) ;  Kovi, 
Du  B<:>la  Reymoiid's  Arch.,  1888. 
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in  different  auimiilB,  In  man,  whose  Balira  forms  angar  rapidly,  a 
formation  of  sngar  from  (boiled)  starch   undoubtedly  takes  place  in  the 

Eioath,  bat  how  far  this  action  goes  on  after  the  morsel  has  entered  the 
stomach  depends  npon  the  rapidity  with  which  the  acid  gastric  juice  mixes 

ifch  the  swallowed  food,  and  also  upon  the  relative  amonnts  of  the  gastric 
Jaice  and  food  in  the  stomach.  The  large  quantity  of  water  which  is 
swallowed  with  the  saliva  most  he  absorbed  and  pass  into  the  blood,  and  it 

mst  go  through  an  intermediate  circulation  in  the  organism.  Thus  the 
[organism  possesses  iu  the  saliva  an  active  medium  by  which  a  constant 
stream,  conveying  the  dissolved  and  finely  divided  bodies,  passes  into  the 
blood  from  the  intestinal  canal  during  digestion, 

BftliTtfy  Concremants.     The  sn-calle^l  lurtai"  is  yellow,  gray,  yellowish  gray,  brown  or 

black,  aud  luia  n  stratified  strticture.     ll  may  coatahi  more  thiiti  200  p.  m.  ^vrg-fliuie  Buh- 

Blaaces,  whicli  coiisiKt  of  mucin,  epithelium,  and  lbptothrix- chains.     The  chief  part 

Elf  the  inorganic  eouatitueuts  cotislBts  of  ciilcium  carbonate  aod  phosphate.    The  salt  vary 

ilculi  mar  v»iy  In  size  from  that  ctf  a  small  grain  to  thai  of  a  pea  or  still  larger  (a  salt- 

irj  calcttlufl  has  been  fonnd  weighing  18.^  grms.),  ^i^d  it  contains  a  variable  quantity  of 

Porffanfc  aubetancct*  (60-380  p.  m.J,  which  remain  on  extracting  the  cakidua  with  hydro- 

fchToric  acid.     The  chief  inorganic  comtituent  is  calcium  carbonate. 


II.  The  GlaiidM  of  the  Mucous  Membrane  of  the 
Stoniaeh,  and  the  Gastric  tluice. 

Since  of  old,  the  glanda  of  the  mncoos  coat  of  tbe  etomadi  have  been 
diTided  into  two  distinct  kinds.  Those  which  occur  in  the  greatest  ahon- 
dance  and  which  have  the  greatest  size  in  the  fundns  are  called  fundus 
gUinds^  also  rennin  or  pepsin  glands.  Those  which  occar  only  in  the  neigh- 
borhood of  the  pylorus  have  received  the  name  oi  pyloric  glands^  sometimes 
alsOi  though  incorrectly,  called  mucous  glands.  The  mocons  coating  of  the 
etomach  is  covered  thronghont  with  a  layer  of  columnar  epithelium,  which 

I  IB  generally  considered  as  coneistiDg  of  goblet  cells  that  produce  mucns  by  a 

'  inetamorphosis  of  the  protoplasm. 

The  fundES  glands  contain  two  kinds  of  cells:  adelomorphic  or  chief 
cells,    and    delojiorphic   or   parietal   cells,    tlie   latter  formerly   called 

i  KEKNix  or  pepsin  cells.     Both  kinds  consist  of  pro(:oplasm  rich  in  proteids; 

'bat  their  relationship  to  coloring  matters  seems  to  show  that  the  albuminotia 
bodlea  of  both  are  not  identicaL  The  nucleoa  must  consist  chiefly  of 
nnclein.  Besides  the  above-mentioned  constituents  the  fundus  glands 
contain  as  more  specific  constituents  two  zymogens^  which  are  the  mother- 
enbatances  of  the  pepsin  and  the  rennin^  besides  a  small  quantity  of  fat  and 
cholesterin. 

The  pyloric  glands  contain  cells  whicli  are  generally  considered  as 
related  to  the  above-mentioned  chief  cells  of  the  fundus  glands.  As  tliese 
glands  were  formerly  thought  to  contain  a  larger  quantity  of  mucin^  they 
ware  also  called  mncoua  glands.     According  to  Hkidekhaix,  independent 
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of  the  colnmnar  epithelinm  of  the  excretory  ducts  they  take  no  part  wortbji 
of  mention  in  the  formation  of  mncns,  which,  according  to  his  riewa,  is 
effecteil  by  the  epithelinm  covering  the  miicoua  membrane.  The  pyloric 
glands  also  seem  to  contain  the  zymogens  referred  to  above.  Alkali  chlo- 
rides, alkali  phosphates,  and  calcinm  phosphates  are  found  in  the  mncoui 
coating  of  the  stomach, 

LiEniiittMANN  '  hiis  obtained  an  acid-reactiog  residue  on  digesting  the  mucon  of  Uie 
fitrjiiiiirh  Willi  pepsin  lijdrocbloric  acid,  which  strangely  coiitamed  no  nucleiij,  but  onir 
a  proteid  coritaiiihif^  lecithiti,  called  iL'CtthMlbuiniu.  To  ihis  lucitb&lbumiu  be  iLScribes't 
great  importfiuct;  in  the  secrelioD  of  hydmchloiic  acid  (see  below). 

The  Gaetric  Jnice,  The  observations  of  Helm  and  Beaumokt  on 
persons  with  gastric  fistnla  led  to  the  suggestion  that  gastric  fiatttlaa  be 
made  on  animals,  and  this  operation  was  first  performed  by  Bassow'  in 
184^  on  a  dog.  Verxeuil  performed  the  same  on  a  man  in  1876  with 
Buccessf 111  results.  Pawlow  *  has  recently  improved  the  surgery  of  gastric 
fistula  and  has  added  much  to  the  study  of  the  gastric  secretion* 

The  secretion  of  gastric  juice  is  not  continnons,  at  least  in  man  and  the 
mammals  experimented  upon.  It  only  occurs  under  psychic  influence,  ^d 
also  by  irritation  of  the  mucoua  membrane.  According  to  the  ordinary  view 
this  irritation  may  be  of  a  mechanical,  thermic,  or  chemical  nature.  Among 
the  latter  we  include  alcohol  and  ether^  which  when  in  too  great  concentra- 
tion do  not  produce  a  physiological  secretion,  bnt  a  transudation  of 
neutral  or  faintly  alkaline  fluid.  To  this  class  certain  acids,  carbon  dioxidi 
neutral  salts,  meat  extracts,  spices,  and  other  bodies  also  belong,  bat  unfor- 
tnnately  the  reported  observations  are  uncertain  and  contradictory. 

The  most  exhaustive  researches  on  the  secretion  of  gastric  jnice  (in  dogs) 

has  been  done  by  Pawlow  and  his  pupils.* 

Id  order  to  obtain  gastric  juice  free  from  salivu  and  food  residues  tUey  armnptd 
bcsitles  II  gastric  listula  aiso  an  ivsophagus  fistula  from  which  the  swallowedfood  could 
be  wilhdmwu  with  the  saliva  wUliout  entering  the  stonmch*  and  in  this  an  appareiil  ft«4 
ing  was  pussible.  la  lhi»  way  it  was  possible  to  study  the  influence  of  psychJc  ' 
moments  on  one  side  and  the  direct  action  uf  fi>nd  on  thi:  mucous  meiubrane  ou  tl 
other.  After  a  method  suggested  by  UEiUENnATN  and  later  improved  by  Pawlow  wk 
Kmoi^TE.  they  have  succeeded  in  preparing  a  blind  mc  by  partial  dfaaection  of  the  fuDiiui 
part  of  ihe  sioiniich*  and  the  secretion  pruccssea  could  be  studied  in  this  sac  wUila  the 
digestioa  in  the  other  parts  of  the  stojiiach  waa  going  ou«  In  this  way  they  were  able  ti> 
study  the  aclion  of  diilerent  foods  on  the  secretion. 

The  most  essential  restilts  of  the  investigations  of  Pawlow  and  hi 
popils  are  as  follows:  Mecbanical  irritation  of  the  macosa  does  not  prodai 


id 
iduiV 


*  Ptltlger's  Arch..  Bd.  50. 

*  Helm,  Zwei  Kraukengeschicliten.     Wien,  1803.     Cit.  from  HermaDD's  Handbu( 
Bd.  5.  Th.  3,  8.  8fl,     Beaumont,  *'The  Phyaiology  of  Digestion/*  1833  ;  Bassow,  Bui 
de  la  Boc*  des  natur.  de  Moscou,  Tome  16.     Cit.  from  Maly  in  Hermaun's  Ha&dbudi, 
Bd.  5,  S.  38  ;  Verueuil,  see  Ch.  Richet,  *'Du  Sac  gastdque  chez  I'homme/'  etc.    {Pari% 
1878).  p.  158. 

*  Pawlow,  Die  Arbeit  der  Verdauungsddlaen  (Wiefibadeu,  1898)«  wJiere  the  works  of 
bis  pupils  are  alao  mentioned. 


cbfl 


QA8TRW  JUICE, 


3S0 


ly  secretion*     Chemical  and  mechanical  irritationa  of  tlie  mncoiis  mem- 
brane of  the  motith  canse  no  reflex  excitation  of  the  secretory  nerves  of  the 
:>mach.     There  are  only  two  moments  which  cause  a  secretion,  namely, 
be  psychical  moment — the  passionate  desire  for  food  and  the  sensation  of 
fttisfaction  and  pleasure  on  partaking  it — and  the  chemical  moment,  the 
action   of  certain  chemical  sahstances  on  the  macous  memhrane  of  the 
atomach*     The  first  moment  is  the  most  important.     The  secretion  occur- 
ring nuder  its   iniluence   by   the  vagus    fibres  appears  earlier   than   that 
produced  by  chemical  irritants,  but  always  after  a  pause  of  at  least  4^ 
"minutes.     This  secretion  is  more  abundant  but  less  eontinnoue  than  the 
•'chemical/-     It  yields  a  more  acid  and  active  juice  than  the  latter;     As 
chemical  irritants,  which  cause  a  secretion  reflexively  through  the  stomach 
mncosa,  we  include  only  water  and  certain  unknown  extractive  substances 
contained  in  meat  and  meat  extracts,  in  impure  peptone,  and  also,  it  seems, 
in  milk-     Carbonated  alkalies  have  a  preventive  instead  of  an  accelerating 
action  on  secretion.     Fats  have  a  retarding  action  on  the  appearance  of 
secretion,  and  diminish  the  quantity  of  juice  secreted  as  well  as  the  amount 
of  enzyme.  ,  The  substances,  such  as  egg-albumin,  which  act  as  chemical 
irritants  cannot  be  digested  by  the  **  psychical ''  secretion,  but  may  perhaps 
I      cause  a  chemical  secretion  by  their  decomposition  products. 
H       The  quantity  of  juice  secreted  during  digestion  is  proportional  to  the 
"quantity  of  food,  and  the  secretion  of  gastric  juice  may  also  be  influenced  by 
the  kind  of  food.     This  action  of  various  foods,  meat,  bread,  and  milk  may 
be  arranged  in  progressive  series  as  follows: 

^m      The  acidity  is  greatest  with  a  meat  diet  and  lowest  with  bread;  the 

"quantity  of  enzyme  is,  on  the  contrary,  highest  with  a  bread  diet  and 

ilowest  with  milk. 

B  We  know  hardly  anything  positively  in  regard  to  the  condition  in  man, 
and  the  reports  at  hand  are  very  contradictory.  There  is  hardly  any  donbt 
that  in  man  also  various  foods  have  an  intluenceon  the  secretion  in  different 
ways,  and  it  seems  as  if  the  extractive  substances  of  meat  are  the  most 
powerful  of  the  chemical  irritants  (VERnAEGEN '). 

TJte  Qnahialire  and  Quantitaiive  Composition  of  the  Gastric  Jmee^ 
The  gastric  juice,  which  can  hardly  be  obtained  pure  and  free  from  residues 
of  the  food  or/rom  mucus  and  saliva,  is  a  clear,  or  only  very  faintly  cloudy, 
and  in  man  nearly  colorless  fluid  of  an  insipid,  acid  taste  and  strong  acid 
reaction.  It  contains,  aa  form-elements,  fjlandnlar  cells  or  their  nucleiy 
mncus-corpuschs^  and  more  or  less  changed  colnmnar  epithelium. 
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The  acid  reaction  of  the  gaatric  juice  depends  on  the  presence  of  frot 
acid,  which,  as  we  hare  learned  from  the  inTestigatlons  of  C.  Schmidt,  | 
IlicoKT  and  others,  consists,  when  the  gastric  jnice  is  pare  and  free  from 
particles  of  food,  chietiy  or  in  large  part  of  hydrochloric  acid.  OoNTE^iEJkN  ^ 
has  regularly  fonnd  traces  of  lactic  acid  in  the  pure  gastric  jaice  of  fastrng 
dogs,  AiiBT  partaking  of  food,  especially  after  a  raeal  rich  in  carbo- 
hydrates, luetic  acid  occurs  abundantly,  and  sometimes  acetic  and  batyric 
acids.  The  quantity  of  free  hydrochloric  acid  in  the  gastric  Juice  of 
dogs,  is  commonly  considered  to  be  aboot  2-3  p,  m.,  but  these  figures 
are  not  baaed  on  pure  gastric  juice,  as  Fawlow  and  his  pupils  have  shown 
that  the  gastric  juice  of  tlie  dog  contains  5-6  p.  m.  and  that  of  the  cat  an 
average  of  5.20  p,  m.  HOI  {Hiasantzen^)^  In  man  the  acidity  has  been 
found  to  vary  considerably,  but  it  is  generally  calculated  as  2-3  p,  m.  HCl. 
According  to  Verb  A  eg  en's  researches  there  is  no  doubt  that  pure  homia 
gastric  juice  from  perfectly  healthy  persona  has  a  higher  acidity.  There  is 
hardly  any  doubt  that  at  least  a  part  of  the  hydrochloric  acid  of  the  gastric 
juice  does  not  exist  free  in  the  ordinary  sense,  but  combined  with  organic 
subs  tan  ces/ 

Perfectly  fresh  gastric  juice  seems  to  contain  a  little  coagnlable  nncleo- 
proteid,  but  contains  albumoses  on  standing  for  some  time.  Among  the 
organic  bodies  are  found  a  little  mucin  and  two  enzymes, ^e/^^n  and  re^fita, 
especially  in  man. 

The  specific  gravity  of  gastric  juice  is  low,  1,001-1.010.  It  is  corre- 
spondingly poor  in  solids.  Older  analyses  of  gastric  juice  from  man^  the  dog, 
and  the  sheep  have  been  made  by  C.  Schmidt/  As  these  analyses  refer  only 
to  impure  gastric  juice  they  are  of  little  value.  The  quantity  of  solids  in 
saliva-free  gastric  juice  from  a  dog  was  27  p.  m.,  with  17.1  p.  m.  organic 
substance.  The  quantity  of  free  hydrochloric  acid  was  3.1  p.  m.  Besides 
these  Schmidt  found  NaCl  1.46;  CaCl,  0.6;  KCl  1,1;  NH.Cl  0.5;  earthy 
phosphates  1.0;  and  FePO^  0.1  p.  m.  Xencki*  found  5  milligrams 
sulphocyanic  acid  per  liter  of  gastric  juice  of  a  dog. 

Besides  the  free  hydrochloric  acid  pepsin  and  rennin  are  the  other 
physiologically  important  constituents  of  gastric  juice. 

Pepsin.  This  enzyme  is  found,  with  the  exception  of  certain  fishes,  in 
all  vertebrates  thus  far  investigated. 

Pepsin  occurs  in  adults  and  in  new-born  infants.     This   condition  is 

*  Bidder  and  Sclimidt.  Die  Verdauungsafle,  elc,  S.  44;  Riclict,  L  c;  Contejeaa, 
Contributions  il  Tetiide  de  la  pbyslol.  de  rcfitomac.  Tb^sea,     Paria»  1892. 

•  Arcb.  des  Sckoc.  biol-  de  SL  Pelerabourg^  Tome  3. 

•  Bee  Ricbet.  1.  c:  ContejeaQ,  1,  c;  Verbaegeu,  1.  c, ;  and  the  literature  on  theeatima- 
tion  of  hydrochloric  acid  iu  the  gastric  con  ten  Is  {see  page  278), 

*  L.  c. 

'  Ber.  d.  d«ulach.  cbent.  Gcsellscb..  Bd.  23. 
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different  in  new-born  animals.  While  in  a  few  lierbivora,  sttcli  as  the 
rabbit,  pepein  occars  in  the  macooB  coat  before  birth,  this  enzyme  ia 
entirely  absent  at  the  birth  of  those  carnivora  which  have  thus  far  been 
examined,  Bnch  as  the  dog  and  cat, 

lu  Ttirious  ioTertcbrates  a  fermeut  haa  also  been  found  which  has  ix  proteolytic  actton 
io  acid  solulioDs.  It  has  been  shown  that  Uils  enzyme,  nevertbelesa,  is  not  Id  ail  animals 
identical  with  ordinary  ptpniD.  Accordiog  to  Kliiq  and  WB6BLEW8iti '  the  pepsina 
found  io  man  and  various  higher  animals  are  sumewliat  different.  Darwin  and  others 
have  further  fouod  that  certJiui  plants  which  feed  upon  Insects  secrete  an  acid  juice  which 
dissolves  proteid,  but  !t  h  sUIl  doiilitfiil  wlielher  these  plants  contain  any  pe|>siti.  y, 
GoRrp-BEaANEZ  has  isolftted  from  velcii-seed  iin  euEvme  which  acts  lil^e  pepsin,  but  its 
identity  with  pepsin  doubtful.  Keumei^teu  has  found  the  same  in  acrospire,  and  II  jort  * 
in  a  fungus,  jHilyporua  sulphurcns. 

Pepsin  is  as  difficult  to  isolate  in  a  pure  condition  as  other  enzymes. 
The  pepsin  prepared  by  Brucke  and  SrxnnERO  gave  negative  results  with 
most  reagents  for  proteids,  and  showed  iieTertheless  a  powerful  action  which 
seems  to  show  that  it  ia  very  pure.  8cjJ0rM0w-8iMAX0\v.sKr  and  Pekel- 
u  A  RING  •  have  designated  as  a  trtie  enzyme  a  nocleoproteid  which  coagulates 
on  boiling  and  is  soluble  in  water  and  which  separates^  on  cooling,  perfectly 
Ircah  dog  gastric  juice  and  is  active  even  on  very  strong  dilution.  Ftirther 
investigations  on  this  substance  are  very  desintble.  It  is,  at  least  in  the 
impure  condition,  soluble  in  water  and  glycerin.  It  is  precipitated  by 
alcohol,  but  only  slowly  destroyed.  It  is  quickly  destroyed  by  heating  its 
watery  solution  to  boiling.  According  to  BiEitNACKi*  pepsin  in  neutral 
Boliitions  is  destroyed  by  heating  to  +  55°  C  In  the  presence  of  2  p*  m, 
IT  CI  a  temperature  of  55°  C.  is  without  action;  the  pepsin  in  acid  solution 
18  destroyed  by  heating  to  05°  C.  for  five  minutes.  On  adding  peptone  and 
certain  salts  the  pepsin  may  be  heated  to  70°  C.  without  decomposing.  In 
the  dry  state  it  can,  on  the  contrary,  be  heated  to  over  100°  C.  without 
losing  its  physiological  action.  The  only  property  which  is  characteristic 
of  pepsin  is  that  it  dissolves  proteid  bodies  in  acid,  but  not  in  neutral  or 
alkaline,  solutions  with  the  formation  of  albumoses  and  peptones. 

The  methods  for  the  preparation  of  relatively  pure  pepsin  depend,  as  a 
rule,  upon  its  property  of  being  thrown  down  with  iioely  divided  precipi- 
tates of  other  bodies,  such  as  calcium  phosphate  or  cholesterin.  The  rather 
complicated  methods  of  Beucke  and  Sunduerg  are  based  upon  this 
property.  Pekelharing  makes  use  of  a  prolonged  dialysis  and  precipitation 
with  0.2  p.  m.  HCl.  A  relatively  pure  pepsin  solution  intended  for  diges- 
tion tests  and  of  effective  action  may  be  prepared  by  the  following  method 


I        »  Klug,  PflQger's  Arch.,  Bd.  dO  ;  Wr6blcwski,  Zeitsclir.  f.  physioh  Chem.,  Bd.  2S. 

•  V.  Gorup-Besanez,  B<ir.  d,  deutscli.  chem.  Gesellsch.,  Bdd.  7  and  8;  Neumelater, 
Zeit^chr.  f,  Biologie,  Bd,  30  ;  Hjort,  Centralbh  f.  Physiol.,  Bd.  10. 

•  BrHcke,  Wieu.  Silzungsber,,  Bd.  43  ;  Sundbert^,  Zeitschr.  f.  pliysitd.  tUicm.,  Bd,  0 ; 
Bchoumow  Simauowski,  Arch,  f*  exp.  Patk  u.  Fharm.i  fid.  <t^ ;  Pekelhaiing,  Zeilschr. 

\1,  physioh  Chem.,  Bd.  22. 

•  Zeitscbr.  f.  Biologie,  Bd.  28, 
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as  an^geeted  by  Maly/     The  miicaus  membrane  (of  the  pig's  BtomM!i)i] 
treated  with  Avater  containing  phosphoric  acid,  and  the  filtrate  precipiti  ' 
by  lirne-water;  the  precipitate,  which  contains  the  pepsin,  is  then  diss' 
in  water  try  tlie  addition  of  hydrochloric  acid,  and  the  salts  remord 
dialysis,  by  whicli  means  the  pepsin  which  does  not  diffase  remainBial 
dialyzer*    A  pepsin  solution  somewhat  impure  bnt  rich  in  pepsin,  andi" 
can  be  kept  for  years,  may  be  obtained  if,  as  suggested  by  v.  Wit 
we  extract  tlie  finely  divided  mucoos  membrane  with  glycerin,  or  1 
with  glycerin  wliich  contains  1  p.  nu  IICI,     To  each  part  by  weight  ( 
mncona  coat  add  10-20  parts  glycerin*     This  is  filtered  after  R-14diji| 
The  pepsin  (together  with  mnch  albnmin)  may  be  precipitated  byalcoUj 
from  this  extract.     If  this  extract  is  to  be  used  directly  for  digestiontttlitj 
then  to  100  c.c*  of  water  which  has  been  acidified  with  1-4:  p.  m.  HCIT" 
2-3  c.c.  of  the  extract 

For  digestion  tests  an  infosion  of  the  mocons  membrane  of  theBtamni 
may  be  used  directly  in  many  cases.  The  mocons  coat  is  carefnlly  wmM 
with  water  (Lf  a  pig's  stomach  is  used)  and  finely  cut;  if  a  calf's  stomBck 
is  employed,  only  tho  outer  layer  of  the  mucous  coat  is  scraped  off  with i 
watch-glass  or  the  back  of  a  knife.  The  pieces  of  mucous  membrane  ortb« 
slimy  masses  obtained  by  scraping  are  nibbed  with  pure  quartz-eaud,  treated 
with  acidifietl  water,  and  allowed  to  stand  for  ^24  honrs  in  a  cool  place  wid 
then  filtered. 

In  tlie  preparation  of  artificial  gastric  juice  that  part  only  of  tJi» 
mucous  coat  richest  in  pepsin  is  used ;  the  pyloric  part  is  of  little  value, 
A  strong,  impure  infusion  may  generally  be  obtained  from  the  pig's 
stomach,  while  a  relatively  pure  and  pDwerfu!  infusion  is  obtained  from  th« 
stomach  of  birds  (hens).  The  etomachs  of  fish  (pike)  al&o  yield  a  tolemblj 
pure  and  active  infusion.  An  active  and  rather  pure  artificial  gastric  juic€ 
may  be  prepared  by  scraping  the  inner  layers  of  a  calf's  stomach  from  wbicL 
the  pyloric  end  has  been  removed.  For  a  medium-sized  calf's  stomacli 
1000  c.c,  of  acidified  w^ater  must  be  nsed. 

The  degree  of  acidity  required  In  the  infusion  depends  upon  the  nse  to 
which  the  gastric  juice  is  to  be  put.  If  it  is  to  be  employed  in  the  digeatioa 
of  fibrin,  an  acidity  of  1  p.  m,  HCl  must  he  selected,  while*  on  the  coDtrwy, 
if  it  is  to  be  nsed  for  the  digestion  of  hard-boiled-egg  albumin,  an  acidity 
of  2-3  p.  m.  HCl  is  preferable.  Tliis  last-mentioned  degree  of  acidity  i& 
generally  the  better,  because  the  infusion  is  preserved  thereby,  and  at  atl 
events  it  is  so  rich  in  pepein  that  it  may  be  diluted  with  water  nntil  ithaa 
an  acidity  of  1  p.  m.  HCl  without  losing  any  of  its  solvent  action  on 
unboiled  fibrin. 

The  preparation  of  acid  infusions  is  nowadays  unnecessary  on  accotmt 
of  the  ability  of  getting  various  pepsin  preparations  in  commerce  which  hare 
a  remarkable  activity.  Such  a  pepsin  preparation  can  be  purified  whea 
necessary  by  following  the  method  suggested  by  KfHNE.*  Precipitate  the 
pepain  together  with  the  albumoees  by  ammonium  sulphate,  press  the  pre- 
cipitate and  dissolve  in  dilute  hydrochloric  acid,  and  let  it  undergo  auto- 
digestion.  On  repeating  this  again  and  then  removing  the  salts  by  dialvBia 
we  obtain  an  extraordinarily  active  pepsin,  but  which  is  etil!  less  pure  than 
when  obtained  by  tlie  methods  of  Brucke  and  Suxoberq. 

>  Pn&ger's  AfcIi,,  BiL^aT  » Ibid.,  Bd.  2. 

» Zeitschr.  f ,  Biologic,  Bd.  28,  S.  428. 
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^Vie  Actimi  of  Pepsin  on  Froteids,  Pepsin  is  iuactive  in  neutral  or 
-^line  reactions,  but  in  acid  liquids  it  dissolves  coagulated  albominons 
LiciB.  The  proteid  always  Bwella  and  becomes  transparent  before  it  die- 
Unboiled  fibrin  swells  np  in  a  solution  containing  1  p.  m.  HCl, 
ling  a  gelatinous  mass,  and  does  not  dissolve  at  ordinary  temperature 
^tiliin  a  couple  of  days.  Upon  the  addition  of  a  little  pepsin,  however, 
swollen  mass  dissolves  quickly  at  an  ordinary  temperature,  llard- 
^^Ued-egg  albumin,  cut  in  thin  pieces  with  gharp  edges,  is  not  perceptibly 
^^hanged  by  dilute  acid  (*2-4  p.  m,  II 01)  at  the  tem|>erature  of  the  body  in 
^^tie  course  of  several  hours.  But  the  eimultaneoos  presence  of  pepsin 
^■^uses  the  edges  to  become  clear  and  transparent,  blunt  and  swollen,  and 
^■'^e  albumin  gradually  disaolves* 

^1  From  what  has  been  said  above  in  regard  to  pepsin,  it  follows  that 
^B  proteids  may  be  employed  as  a  means  of  detecting  pepsin  in  liquids.  Fibrin 
^^  may  be  employed  as  well  as  hard-boiled-egg  albumin,  which  latter  is  used  in 
J  the  form  of  slices  witli  sharp  edges.  As  the  fibrin  is  easily  digested  at  the 
H  normal  temperature,  while  the  pepsin  test  with  egg-albnmin  requires  the 
^P  temperature  of  the  body,  and  as  the  test  witli  fibrin  is  somewhat  more 
delicate,  it  is  often  preferred  to  that  with  egg-albnmin.     When  ive  speak  of 

I  the  ^*  pepsin  test ""  without  further  explanation,  we  ordinarily  understand  it 
P0  the  test  with  fibrin. 
This  test  nevertheless  requires  care.  The  fibrin  used  should  he  ox*fibrin 
and  not  pig-fibrin,  which  last  is  dissolved  too  readily  with  dilute  acid  alone* 
The  unboiled  fibrin  may  be  dissolved  by  acid  alone  without  pepsin,  but  this 
generally  requires  more  time.  In  testing  with  unboiled  fibrin  at  normal 
temperature,  it  is  advisable  to  make  a  control  test  with  another  portion  of 
the  same  fibrin  with  acid  alone.  Since  ab  the  temperature  of  the  body 
unboiled  fibrin  is  more  easily  dissolved  by  acid  alone,  it  ia  best  always  to 
work  with  boiled  fibrin* 


I 


Aa  pepsin  has  not^  thus  far,  been  prepared  in  a  positively  pure  condition, 
it  is  impofisible  to  determine  the  absolute  quantity  of  pepsin  in  a  liquid.  It 
is  only  possible  to  compare  the  relative  amounts  of  pepsin  in  two  or  more 
liquids,  which  nuiy  be  done  in  several  ways.  As  the  best  of  these  we  give 
the  following  method  as  suggested  by  Bkucke. 


If  two  pepsin  solutioua  ^4  and  B  are  to  be  compareri  with  each  other  relatively  tr>  ihc 
mniountB  of  peppiii  thej  con  ruin, "nhey  must  first  be  brought  to  the  proper  degree  of  addiiy, 
ftboul  1  p,  in.  IICl.  cure  being  taken  that  one  Is  not  more  diluied  Iban  the  other.  Then 
prepare  a  large  number  of  specimens  of  each  solution  by  diluting  with  bydroehloHc  add 

■  of  1  p.  m.  HCl,  so  llittt  they  contain  respectively  ^,  |,  J,  ^^V*  f¥»  ^^^  ^^  *^"'  ^^^  amount  of 
pepsin  in  tlie  oHgiuiU  b'quid  being  L  If  the  original  quantity  of  pepalu  in  the  two  liquids 
u  designated  by  j^  mid  ^,  live  Ihen  have  the  two  series  of  liquids : 


A 

B 

\p 

Ipf 

iP 

ipf 

iP 

ip' 

iP 

il>' 

Ap 

T^P' 

^ 

itP' 
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Then  a  amall  piece  of  boiled-egg  albumin,  obtaioed  by  cultmg  thin  slices  with  a  cort 
cuUer,  is  placed  in  each  test,  or  a  amnll  flake  of  l^bdo  is  added.  Of  course  c&re  niuitbe 
taken  lo  ftdd  the  same-sized  slice  of  egg-albumin  or  flake  of  fibrin.  Now  obserre  tnd  aote 
exactly  the  time  when  each  test  of  the  two  series  begins  to  digest  aod  when  it  endii  aod 
it  will  be  found  that  certain  testa  of  one  series  make  about  Ibe  same  progress  MS  certain 
tests  of  the  other  ei.'ries.  It  may  be  inferred  from  this  that  tbey  cootaio  about  the 
same  quantity  of  pepsin.  Ad  example,  it  h  found  in  one  series  of  tears  Ibat  the  digestire 
rapidity  of  the  tests  p  J,  p  X,  p^j  is  about  the  same  as  the  tests  y  j,  p*  i»  f(  I ;  therefore 
-we  conclude  tbal  tbe  liqula  A  is  about  four  times  as  rich  in  pepsin  as  the  liquid  B, 

Annlher  method  as  suggested  by  Mett  '  cives  more  exact  results  according  lo  tbe 
investigations  of  Samojloff,     Draw  up  liquid  white  of  egg  in  a  glass  lube  of  about  1  to 

2  mm,  diameter  and  coagulate  the  albumin  in  the  tube  by  heating,  cut  the  ends  of  tbe 
tube  on  sharply,  add  two  tubes  lo  each  test-tube  with  a  few  cc.  of  acid  pepsin  solution, 
allow  to  digest  at  the  bodily  temperature,  and  after  a  certain  time  measure  the  liced 
extent  of  the  digested  layer  of  albumin  in  the  various  tests.  The  quantity  of  pepsin  in 
the  comparative  tests  is  as  the  s^iuare  of  tbe  millimeters  of  albumin  columns  aiasolrpd 
in  the  same  lime.     Thus  if  in  one  case  2  mm.  of  albumin  was  dissolved  and  in  the  other 

3  mm,,  then  the  quantity  of  pepsin  Is  as  4  : 9. 

TJie  rapidity  of  ike  pepsin  digestion  depends  on  several  circumsi^Dcee, 
Thtis  different  acids  are  tineqnal  in  their  action;  hydrochloric  acid  shows  in 
slight  concentratioti,  0.8-1.8  p.  m.,  a  more  powerful  action  than  any  other, 
whether  inorganic  or  organic.  In  greater  concentration  other  acida  nmy 
have  a  powerful  action,  and  we  can  say  that,  as  a  rale,  the  acida  having  the 
grentesi;  avidity  have  a  greater  action  in  slight  concentration  than  weak 
acids*  Stil!  snlphnric  acid  forma  an  exception  (Pfleideker).  The  state- 
ments in  regard  to  the  action  of  varions  acids  are  somewhat  contradictoryt' 
The  degree  of  aridiijf  is  also  of  the  greatest  importance.  With  hydrochloric 
acid  the  degree  of  acidity  ia  not  the  same  for  d liferent  proteid  bodies.  For 
fibrin  it  is  0.8-1  p.  m.,  for  myosin,  casein,  and  vegetable  proteids  about 
1  p.m.,  for  hard-boiled -egg  albnmiu,  on  the  contrary,  about  2.5  p.  m.  The 
rapidity  of  the  digestion  increases,  at  least  to  a  certain  point,  with  the 
guantiti/  of  pepsin  present,  unless  the  pepsin  added  is  contaminated  by  a 
large  qnantity  of  products  of  digestion,  which  may  prevent  its  action.  The 
accumulation  of  products  of  digestion  has  a  retarding  action  on  digestion,  — 
alihoDgh,  according  to  Chittenden-  and  Amehman,'  the  removal  of  thel 
digestion  prod  acts  by  means  of  dialysis  does  not  essentially  change  the 
relationship  between  the  albumoses  and  true  peptones.  Pepsin  acts  slower 
at  low  temperalnres  than  it  does  at  higher.  It  is  even  active  in  the  neigh- 
borhood of  0°  C.J  but  digestion  takes  place  very  slowly  at  this  temperature. 
With  increasing  temperature  the  rapidity  of  digestion  also  increases  nntil 
about  40^  C,  when  the  maximum  is  reached •  According  to  the  inveetiga- 
tiouB  of  Flaum  *  it  is  probable  that  the  relationship  between  albnmosea  and 
peptones  remains  the  same,  irrespective  of  whether  the  digestion  took  place 


'  In  Pawlow,  1.  c,p  p.  31. 

'  See  Wroblewaki,  Zeitschr.  f.  phyatol  Chem.,  Bd.  21,  and  especially  Pfieiderer, 
P^Qger's  Arch.,  Bd.  06,  which  alao  gives  references  to  other  worka« 
>  Joura.  of  PhyaloL,  Vol.  14. 
*  ZeitJichr.  f.  Biologic ,  Bd.  28, 
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at  a  low  or  high  temperatare  as  loDg  as  the  digestion  J8  continQone  for  some 
time.     If  the  swelling  tip  of  the  proUid  is  prevented,  as  bj  the  addition  of 
neatral  salts,  such  as  KaCl  in  snflicient  amounts,  or  by  the  addition  of  bile 
to  the  acid  liquid,  digestion  can  be  prevented  to  a  greater  or  less  extent. 
Fareign   bodies   of   different   kinds   produce    different   actions,   in   which 
naturallj  the  variable  quantities  in  which  they  are  added  are  of  the  greatest 
importance.     Salicylic    acid   and    carbolic   acid,    and   especially   snlpiiates 
(Pflkideber),  retard  digestion,  while  arsenioaa  acid  prooiotes  it  (Chitten- 
den),   and   hydrocyanic   acid    is   relatively  indifferent.     Alcohol  in   large 
qaantitiea  (10<^  and  above)  disturbs  the  digestion,  while  small  quantities  act 
indifferently.     Metallic  salts  in  very  small  quantities  may  indeed  sometimes 
accelerate  digestion,  but  otherwise  they  tend  to  retard  it*     The  action  of 
metallic  salts  in  different  cases  can  be  explained  in  different  ways,  but  they 
often  seem  to  form  with  proteids  insoluble  or  difficnltly  soluble  combinations. 
The   alkaloids   may  also   retard  the  pepsin   digestion   (CiinTENUEK:   and 
Allen  ').     A  very  large  number  of  observations  have  been  made  in  regard 
to  the  action  of  foreign  suhstances  on  artificial  pepsin  digestion,  but  as  these 
observations  have  not  given  any  direct  result  in  regard  to  the  action  of  these 
!     same  substances  on  natural  digestion,  we  will  not  here  f  urtiier  discuss  tbem. 
H       The  Products  of  the  Digestion  of  Proteids  by  Means  of  Pepsin  and  Acid. 
"in  the  digestion  of  nacleoproteids  or  nncleo-albumins  an  insoltible  residue 
of  naciein  or  pseudo-nuclein  always  remains.     With  experiments  on  casein 
Salkowski'  has  shown  that  tlie  parannclein  first  split  off  may  be  dissolved 
by  prolonged  digestion.      Fibrin   also  yields  an   insoluble   residue,   which 
consists,  at  least  in  great  part,  of  nuclei  n,  derived  from  the  form -elements 
enclosed  in  the  blood -clot.     This  residue  w^hich  remains  in  the  digestion  of 
certain   albnminous   bodies   ia    called    drfspepfoHe   by    Meissner.      In    the 
digestion  of  proteids  substances   similar  to  acid  albuminates  panyjepione 
(Meissneb*)    antialbuniaie    and     antialbiimid       (KChne)    may  also    be 
formed^     On  separating  these  bodies  the  filtered  liquid,  nentralized  at  boil- 
ing-point, contains  albnmoses  and  peptottes  in  the  ordinary  sense  as  chief 
constitaents,  while  the  so-called  true  peptone  of  KOuke  may  sometimes  be 
entirely  absent,  and  in  general  is  obtained  in  quantity  worth  mentioning 
only  after  a  more  continuous  and  intensive  digestion.     The  relationship 
between  the  albomoses  and  peptones  in  the  ordinary  sense  changes  very 
moch  in  different  cases  and  in  the  digestion  of  various  albuminous  bodies. 
For  instance,  a  larger  quantity  of  primary  albnmoses  Is  obtained  from  fibrin 
than  from  hard-boiled-egg  albumin  or  from  the  proteids  of  meat,  and  the 


I       ^  Studies  from  the  Lab.   Pliysiol.  Chem.  Yale  UDiversity,  YoL  1,  p.  76.     See  alwi 
ChiUenden  and  Stewart,  ihid,.  Vol.  3,  p.  60. 

•  Pfltlgers  JLTch,.  Bd.  63, 

*  The  works  of  MeisflDer  on  pepsia  digestion  are  found  hi  ZelUchr.  f.  Hat.  Med., 
Bdd,  7.  8.  10.  12.  aad  14. 
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different  proteids,  according  to  the  researchea  of  KLtra,*  yield  on  pepiiii 
digestion  unequal  quantities  of  the  various  digestive  products.  Id  thflj 
digestion  of  unboiled  fibrin  an  intermediate  product  may  ba  obtained  in  the 
earlier  stages  of  the  digestion — a  globulin  which  coagulates  at  +  55"  C. 
(nASERROEK')*  For  information  in  regard  to  the  dilTerent  albumoa^ind 
peptones  which  are  formed  in  pepsin  digestion,  the  reader  is  referred  to 
previous  pages  (34-38)* 

Action  of  Pepsin  Hydrochloric  Acid  on  Other  Bodies.  The  gelatin- 
forming  suhsfame  of  the  connective  tissue,  of  the  cartilage,  and  of  the  l)ontt, 
from  wfiich  last  the  acid  only  disaolvea  the  inorganic  substances,  isconvertd 
into  gelati/i  by  digesting  with  gastric  juice.  The  gelatin  is  further  changed 
so  that  it  loses  its  property  of  gelatinizing  and  is  converted  into  a  so-called 
gelatin  peptone  (see  page  5*3).  True  inucin  (from  the  submaxillan')  is 
dissolved  by  the  gastric  juice  and  yields  a  substance  similar  to  peptone,  nDtl 
a  redncing  substance  similar  to  that  obtained  by  boiling  with  a  niiuertl 
acid.  Elmfin  is  dissolved  more  slowly  and  yields  tlie  above-mentioneii 
substaoces  (page  54),  Keratin  and  the  epidermis  formation  are  insoloble. 
Mmieiu  Is  not  dissolved  and  the  cell-nuclei  are  tljerefore  insoluble  in  gastric 
juice.  The  animal  lell-fnembrane  is,  as  a  rule,  more  easily  dissolved  the 
nearer  it  stands  to  eiastin,  and  it  dissolves  with  greater  difficulty  the  more 
closely  it  is  related  to  keratin.  The  inemhrmie  of  the  plant-ceU  is  not  dis- 
solved. OxyhwmogUhin  is  changed  into  ha^niatin  and  acid  albuminate,  tlie 
latter  undergoing  further  digestion.  It  is  for  this  reason  that  blood  ii 
changed  into  a  dark -brown  mass  in  the  stomach.  The  gastric  juice  does 
not  act  on  fni^  but,  on  the  contrary,  on  fatty  tissue,  dissolving  the  cell- 
membrane,  setting  the  fat  free.  Gastric  juice  has  no  action  on  starch  or 
the  simple  varieties  of  sugar.  The  statements  in  regard  to  the  ability  of 
gastric  juice  to  invert  cane-sugar  are  very  contradictory.  At  least,  this 
action  of  the  gastric  juice  ia  not  constant^  and,  if  it  is  present  at  all,  it  is 
probably  due  to  the  action  of  the  acid. 

Pepsin  alone,  as  above  stated,  has  no  action  on  proteids,  and  an  acid  of 
the  intensity  of  the  gastric  juice  can  only  very  slowly,  if  at  all,  diasoWe 
coagulated  albumin  at  the  temperature  of  the  body.  Pepsin  and  acid 
together  not  only  act  more  quickly,  but  qualitatively  they  act  otherwiie 
than  the  acid  alone.  If  liquid  proteid  is  digested  with  hydrochloric  acid  of 
2  p.  m.,  it  ia  converted  into  acid  albw  mi  nates;  but  if  ])epain  is  previotiEly 
added  to  the  acid,  the  formation  of  syntonin  occurs  much  more  slowly 
under  the  same  conditions  (Mkissner).  From  tliis  it  ia  inferred  that  a 
part  of  the  hydrochloric  acid  is  combined  with  the  pepsin,  and  we  have  here 
a  proof  of  the  existence  of  a  paired  acid,  called  by  C,  Schmidt  pepsin 
hydrochloric  acid. 

J  Pmiger'a  Arch..  Bd,  65. 

'  Zeitsclir.  f.  pliysio].  Cliem*,  Bd*  IL 
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It  Ijftfl  been  further  suggested  tliat  tbls  hyfrntheticfil  acid  ia  possibly  decomposed  in 
^IgestioD  iDto  free  pepsin  and  free  liydrocbloric  rcM»  wbicU  in  ^Uttu  n^wr^f^irfi' dissolves 
'proteids  to  a  certaiD  decree.  The  penshi  sel  free  reunites  wilh  ft  new  portion  of  arid, 
Torniiog  pepsm  liydrochTork*  acid,  lind  in  conlaci  with  proieids  la  further  decomposed  as 
&bov€  described.  Ic  is  hardly  necessary  to  meution  tbat  this  stattinuut  is  only  an 
iinprored  hypothesis. 

Bennin  or  chymosix  ia  the  second  enzyme  of  the  gastric  jtijce.     It  occurs 

in  the  gastric  juice  of  man  under  physiological  conditional  bntmajb^abaenfe 

onder  special  pathological  conditiouH,  such  as  carcinoma,  atrophy  of  t!ie 

:diucous  membrane,  and  certain  chronic  catarrhs  (Boas,  Johnson,  Klem- 

FE&EB ').     It  is  habitually  found  in  the  neutral,  watery  infaston  of  the 

fourth  stomach  of  the  calf  and  sheep,  especially  in  an  infusion  of  tlie  fundus 

part.      In  other  nianimala  and  in  birds  it  is  seldom  found,  and  in  fishes 

hardly  ever  in  the  neutral  infusion.     In  these  cases,  as  in  man  and  the 

higher  animalR,  a  rennin-forroin^  substance,  a  renntn  zymoyen^  occurs  which 

ia  conrerted  into  rennin  by  the  action  of  an  acid.     Keimin  or  reuniri^like 

«nzym6B  occur   also   rather  eitensively  in  the   plant   kingdom.     Certain 

micro-organisms  also  act  like  chymoain.     Parurliymosin  is  the  name  given 

hy  Bang'  to  an  enzyme  differing  in   many  respects  from  the  ordioary 

rennet  ferment.     He  first  found  it  in  commercial  pepsin  preparations,  then 

in  pigs,   and   finally  also  in  luiman  stomachs,  where  he  claims  ordinary 

rennin  does  not  exist,  but  only  parachyniosin. 

Kennin  is  just  as  difficnlt  to  prepare  in  a  pure  atate  aa  the  other  enzymea, 
^ffhe  pnresfc  rennin  enzynie  thus  far  obtained  did  not  give  tlie  ordinary  pro- 
^Biid  reactions.  On  heating  its  eolutioti  to  60-70*^  C.  for  about  10  niinutes 
it  is  more  or  less  quickly  destroyed,  depending  upon  duration  of  heating  and 
'Concentration.  If  an  active  and  strong  infusion  of  a  mucous  coat  in  water 
containing  3  p.  m.  HCl  is  heated  to  :^7-40''  C.  for  48  honr8»  the  rennin  is 
destroyed,  while  the  peijsin  remains.  A  pepsin  sohition  free  from  rennin 
can  be  obtained  in  this  way.  Bennin  is  cliaracterized  by  its  physiological 
jiction,  which  consists  in  coagulating  milk  or  a  casein  solution  containing 
Hme,  if  neotral  or  rery  faintly  alkaline. 

Rennin  may  be  carried  down  by  other  precipitates  like  other  enzymes, 
and  thus  may  be  obtaiue<l  relatively  pure.  It  may  also  be  obtained,  con- 
taminated with  a  great  deal  of  proteide,  by  extracting  the  mucous  coat  of 
the  stomach  with  glycerin. 

A  comparatively  pure  solution  of  rennin  may  be  obtained  in  the  follow* 

^^g  way.     An  infusion  of  the  mucous  coat  of  the  stomach  in  hydrochloric 

^pcid  is  prepared  and  then  nentralixed,  after  which  it  is  repeatedly  shaken 

with  new  quantities  of  magnesium  carbonate  until  the  pepsin  is  precipitated. 


I 

Tliei 


*  A  good  review  of  the  literature  may  be  found  in  Szydlowski,  Beitnij^  zur  KenntnlBs 
Labenzym  nach  Beohachtnnptn  n\i  SfiugUogen,  Jidirh.  f.  Kinderheilkunde,  N.  F., 
34.     See  also  LQrcher,  PtlUger's  Arch..  Bd.  69.  which  also  contains  the  perlinenl 

Herat  lire. 

•  Deuiscb.  mcd.  Wochenschr,.  1809,  Nu.  3. 
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The  filtrate,  which  shoeld  act  strongly  on  milk,  is  precipitated  by 
lead  acetate,  the  precipitate  decomposed  with  very  dilate  sulphnric  acid» 
the  acid  liqnkl  filtered  and  treated  with  a  Bolntion  of  stearin  eoap.  The 
reniiin  is  carried  down  by  the  fatty  acids  set  free,  and  when  these  hist  are 
placed  in  water  and  removed  by  shaking  with  ether,  the  rennin  remains  in 
the  watery  solution. 

The  qne^tion  whether  the  parietal  cells  principally  or  these  with  tin 
chief  cells  take  part  in  the  formation  of  free  acid  ie  somewhat  disputed/ 
There  can  be  no  doubt  that  the  hydrochloric  acid  of  the  gastric  joic« 
onginatea  from  the  chlorides  of  the  blood  becaoae,  as  is  well  known,  a  sec^^ 
tion  of  perfectly  typical  gastric  juice  takes  place  in  the  stomachs  of  fasting 
or  starving  animals.  As  the  chlorides  of  the  blood  are  derived  from  the 
food,  it  is  easily  understood,  as  shown  by  Oahn,'  that  in  dogs  after  a 
snfficiently  long  common-salt  starvation  the  stomach  secreted  a  gastric  jcice 
containing  pepsin,  hut  no  free  hydrochloric  acid.  On  the  adnilnisiratioa 
of  soluble  chlorides  a  gastric  juice  containing  hydrochloric  acid  was  im- 
mediately secreted.  On  the  introduction  of  alkali  iodides  or  bromides, 
KOlz,  >iENctii  and  Schol'mow-Simanowski  '  have  shown  that  the  hydro- 
chloric acid  of  the  gastric  juice  is  replaceJ  by  HBr,  and  to  a  less  extent  bj 
ni.  We  do  not  know  how  the  secretion  of  free  hydrochloric  acid  origi- 
nates. Whereas  it  need  to  be  considered  that  the  chlorides  were  decomposed 
by  an  electrolysis  or  by  organic  acids  produced  in  the  mucosa,  we  now  rather 
generally  accept  the  process  as  suggested  by  Maly. 

Malt  has  called  attention  to  the  fact  that,  on  acconnt  of  the  presence 
of  a  large  quantity  of  free  carbon  dioxide  in  the  blood  and  the  auility  of  tlte 
same,  there  must  be  present  among  the  numerous  combinations  of  acid* 
and  bases  which  eiist  in  the  eerum  traces  of  free  hydrochloric  acid  ia 
addition  to  acid  salts.  As  these  traces  of  hydrochloric  acid  are  remofed 
from  the  blootl  by  means  of  rapid  diffusion  by  the  glands^  the  mass-action 
of  the  carbon  dioxide  must  set  free  new  traces  of  hydrochloric  acid  in  tbe 
blood.  In  this  way  may  be  explained  the  secretion  in  the  blood  of  large 
quantities  of  hydrochloric  acid  from  the  chlorides,  but  the  proof  that  the 
hydrochloric  acid  set  free  passes  into  the  gastric  juice  simply  by  diiloiiou 
is  missing.  Similar  processes  in  other  animal  glands  render  it  probable  that 
here,  as  in  other  cases  of  secretion,  we  have  to  deal  with  a  yet  unexplained 
specific  secretory  action  of  the  glandular  cells.     As  Schierbeck  *  has  shown 

^  Sec  Uddcnimiu,  Pflllget's  Arch.,  Bdd.  IB  aDc!  19.  and  Hcnnauu's  HftudbucU,  Bd- 
5,  Thl.  1,  **  Ab&onde rungs vorgfinge";  Kkmeufliewkz,  Wieo.  Slizungsber.,  Bd.  Tl; 
Fi-iiDkel,  Pfltlger's  Arch.,  Bdtl.  48  aad  50  ;  Conlejeau,  I  c.  Chapter  3,  wbicU  contilui 
all  tbo  older  literature. 

'  Zeitscrir.  f.  physIol.  Chem.,  Bd,  10. 

*  KUlz.  Zeitscbr.  f.  Blologie,  Bd.  23  ;  NeDckl  and  Schomnow,  Arch,  dca  sciences  I 
de  St,  Pctersbourg,  Tome  8. 

*  Maly,  Zeitsckr.  f .  pliysioL  Chem. ,  Bd*  1 ;    Bcbierbeck,  Skaad.  Arch.   f.  P 
Lidd.  3  and  5. 
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bat  large  qnantities  of  carbon  dioxide  are  formed  in  the  mncous  membrane 
King  secretion,  it  can  be  admitted  that  this  carbon  dioxide,  by  its  avidity, 
Re  free  hydrochloric  acid  within  the  glandolar  cells  from  the  chlorides  of 
he  food.     This  hydrochloric  acid  passes  then  into  the  secretion* 

I*.  LDEBKitMAKK '  has  lately  nm|x)Jsed  n  new  theory  for  Ihe  Becretion  of  hydrochloric 
cid,  Accordioi;  to  him  U'cithAlbiimiu  occurs  hi  the  glfiudular  cells,  and  this  comhiaes 
eadily  wiih  ulkaljea.  The  more  active  metaboHttni  iu  the  dniuls  during  w<trk  leatia  to 
Q  abundant  formatioD  of  carbon  dioxidi.',  and  tbis  cnrboii  dioxide  by  Its  mnsB-nctlon  seta 
lydrochloHc  acid  free  from  the  elilorides.  The  hydrochloric  add  passes  into  the  secre- 
U>n  by  dlifiiBiou,  while  the  alkallee  combine  with  the  lecitlj  album  in.  In  regard  to 
tetails  of  thb  theory  we  must  refer  the  reader  to  the  original  article. 

After  a  foil  meal,  when  the  store  of  pepsin  in  the  stomach  is  com- 
pletely exhausted,  Sen  iff  claims  that  certtun  bodies,  especially  dextrin, 
iiave  the  property  of  cansing  a  snpply  of  pepsin  in  the  mucous  membrane. 
This  "charge  theory,"  though  experimeu tally  proved  by  several  investi- 
gators, has  nevertheless  not  yet  been  confirmed.  On  the  contrary,  the 
Btatement  of  Schiff  that  a  substance  forming  pepsin,  a  ^^ pepsinogen  *'  or 
^^  propepsin  ^^''  occurs  in  the  ventricle  has  been  proved.  La  no  ley'  has 
shown  positively  the  existence  of  such  a  substance  in  the  mucous  coat. 
This  substance,  j^ropepsin,  shows  a  comparatively  strong  resistance  to  dilute 
alkalies  (a  soda  sol  at  ion  of  3  p*  m.),  which  easily  destroy  pepsin  (Lanui.ky), 
Pepsin,  on  the  other  hand,  withstauda  better  than  propepsin  ihe  action  of 
oarbon  dioxide,  which  quickly  destroys  the  latter  The  occurrence  of  a 
rennin  zymogen  in  the  mncous  coat  has  been  mentioned  above.' 

The  question  in  which  cells  the  two  zymogens,  especially  the  propepsin, 
are  produced  has  been  extensively  discussed  for  several  years.  Formerly  it 
was  the  genera!  opiuion  that  the  parietal  cells  were  pepsin  cells,  but  since 
the  investigations  of  Hkidenhaix  and  his  pupils,  L.\NrrLEY  and  others, 
the  formation  of  pepsin  has  been  shifted  to  the  chief  cells.  Objections 
have  been  presented  by  several  investigators  to  the  views  of  TlFaiVENHAiN" 
that  certain  cells  produce  tbe  zymogens,  and  others  only  the  acid.* 

The  Pyloric  Secretion.  That  part  of  the  pyloric  end  of  tiie  dog's 
Btomach  which  contains  no  fundus  glands  was  dissected  by  Klemensiewicz, 
on©  end  being  sewed  together  in  the  shape  of  a  bliud  sack  and  the  other 
aewed  into  the  stomach.  From  the  fistula  thus  created  he  was  able  to  obtain 
the  pyloric  secretion  of  a  living  animal.  This  secretion  is  alkaline,  viscous, 
jelly-like,  rich  in  mucin,  of  a  specific  gravity  of  1.009-1.010,  and  contain- 
ing 16.5-20.5  p.  m*  solids.  It  has  no  effect  on  fat,  but  acts,  though  very 
alowly,  on  starch,  converting  it  into  sugar,  and  contains  ordinarily  pepsin. 


»  PfiDger's  Arch.,  Bd.  50. 

•Schiff,    **Le^oD9  sur  la  physiol.  de  la  digestion/'  1867.  Tome  2j    Langley  aud 
Edkins,  Joum.  of  Physiol.,  VoL  7. 
*  See  f ool-DOl©  1 ,  page  267. 
'  See  foot-note  4,  page  368. 
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which  sometimes  occurs  m  considerable  amounts.  This  has  been  obseirel 
by  Heidenhaix  in  permanent  jivloric  fistula.  Contejean  has  iavesti- 
gated  the  pyloric  aecretion  in  other  ways,  and  finds  that  it  contains  both 
acid  and  pejisin.  The  alkaline  reaction  of  the  secretions  investigated  bj 
Heidenhaix  and  Klemensiewicz  is  due,  according  to  Contejean,  to  an 
abnormal  secretion  caused  by  the  operation,  because  the  stomach  readily 
yields  an  alkaline  juice  instead  of  an  acid  one  under  abnormal  conditiona. 
Akerman  has  found,  in  accordance  with  IIeidenhaix  and  Klemen- 
siEWicz,  that  the  pyloric  secretion  of  a  dog  was  alkaline.  Verhaegen' 
has  observed  in  human  beings  towards  the  end  of  the  ventricle  digestion 
a  fiaid  not  acid  which,  according  to  him,  originates  in  the  pyloric  region. 

The  secretion  of  gastric  juice  under  different  conditions  may  vary  con- 
siderably. The  statementa  of  the  c|Rantity  of  gastric  juice  secreted  in  % 
certain  time  are  therefor©  ao  unreliable  that  they  need  not  be  taken  into 
account* 

The  Chyme  and  the  Digestion  in  the  Stomach.  By  means  of  the  chemi- 
cal irritation  caused  hy  the  food,  a  copious  secretion  of  gastric  jaice 
occura.  The  food  is  there  by  freely  mixed  with  liquid  and  is  gradoallT 
converted  into  a  pulpy  mass,  called  the  chyme.  This  mass  is  acid  in 
reaction,  and,  with  the  exception  of  the  interior  of  large  pieces  of  meat  or 
other  solid  foods,  the  chyme  is  acid  throughout.  The  transformation 
products  of  the  digestion  of  proteids  and  carbohydrates  can  be  detected  in 
the  chyme;  likewise  more  or  less  changed  undigested  residues  of  swallowed 
food,  which  indeed  form  the  chief  mass  of  the  chyme. 

In  the  chyme  morsels  of  meat  more  or  less  changed  are  found  whichi 
when  unboiled  meat  is  partaken  of,  may  be  much  swollen  and  alippery. 
Muscle  and  caetilage  are  dso  often  swollen  and  slippery,  while  pieces  of 
BONE  sometimes  show  a  rough  and  uneven  surface  after  the  digestion  has 
continued  for  some  time,  which  depends  upon  the  fact  that  the  gelatinons 
substances  of  the  bone  are  attacked  more  quickly  by  the  gastric  juice  than 
the  earthy  parts.  Milk  coagulates  in  the  stomach  by  the  combined  aotion 
of  the  renuin  and  the  acid,  but  in  certain  cases  by  the  action  of  the  acid 
alone.  From  the  relative  quantities  of  the  swallowed  milk  to  the  other 
food  either  large  and  solid  lumps  of  cheese  are  formed  or  smaller  lumps  or 
grains  which  are  divided  in  the  pulpy  mass.  Cow's  milk  regularly  yieldi 
large,  solid  masses  or  lumps;  human  milk  gives,  on  the  contrary,  a  fine, 
loose  coagulum  or  a  fine  precipitate  which  is  immediately  disaolved  in  part 
by  the  acid  liquid. 

Bread,  especially  when  not  too  fresh,  is  converted  rather  eaaily  into  a_ 
pulpy  mass  in  the  stomach.     Other  vegetable  foods,  such   as   potatoes^H 


or 

1 

rt| 


^  HeldeDbaiti  and  Klemensiewicz^  L  c;   Contejeanp  1.  c,  CbApter  2,  and  Skand 
Afcb.  t,  Pbywol.,  Bd.  6  ,  Akerm&n,  Q>id.^  Bd.  5  ;  Verhaegen.  1.  c 
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ly,  if  not  sofficiently  masticatail,  often  be  fonnd  m  the  contents  of  the 

3xnach,  Tery  little  changed,  several  hoars  after  a  meal. 
Starch  is  not  converted  into  sugar  by  the  gastric  juice,  but  in  the  first 
phases  of  the  digestion^  before  a  large  qniintity  of  hydrochloric  acid  has 
accamnlated,  it  seems  that  the  action  of  the  saliva  continues,  and  therefore 
the  presence  of  dextrin  and  sugar  can  be  detected  in  the  contents  of  the 
stomach.  Besides  this  the  carbohydrates  in  the  stomach  may  in  part 
undergo  a  lactic-acid  fermentation,  caased  by  the  micro-organisms  present* 
The  FATS  which  are  not  fluid  at  the  ordinary  temperature  melt  in  the 
stomacli  at  the  temperature  of  the  body  and  become  fluid.  In  the  same 
way  the  fat  of  the  fatty  tissues  is  set  free  in  the  stomach  by  the  gastric  juice 
which  digests  the  cell-membrane.  The  gastric  Juice  itself  seems  to  have  no 
action  on  fats*'     The  soiuble  salts  of  the  food  naturally  are  found  dissolved 

I  in  the  Uqnids  of  the  contents  of  the  stomach;  but  the  insoluble  salts  may 
also  be  dissolved  by  the  acid  of  the  gastric  juice. 
Since  the  hydrochloric  acid  of  tlie  gastric  juice  prevents  the  contents  of 
the  stomach  from  fermenting  with  the  generation  of  gas,  those  gase^  which 
occur  in  the  stomach  probably  depend,  at  least  in  great  measure,  upon  the 
swallowed  air  and  saliva,  and  upon  tbose  gases  generated  in  the  intestine 
and  retnnied  through  the  pyloric  valve.  Planer  found  in  the  stomach- 
gases  of  a  dog  66-08::^  N,  ^5-33j^  CO,,  and  only  a  small  quantity,  0.8-6.1^, 
of  oxygen.  Schierbeck'  has  shown  that  apart  of  the  carbon  dioxide  is 
formed  by  the  mucous  membrane  of  the  stomach.  The  tension  of  the 
carbon  dioxide  in  the  stomach  corresponds,  according  to  him,  to  30-40  mm. 
Hg  in  the  fasting  condition*  It  increases  after  partaking  food,  independ- 
ently of  the  kind  of  food,  and  may  rise  to  130-140  mm.  Hg  during  diges- 
tion. The  curve  of  the  carbon-dioxide  tension  in  the  stomach  is  the  same 
as  the  curve  of  acidity  in  the  different  phases  of  digestion,  and  StniErniECK 
has  also  found  that  the  carbon- dixoide  tension  is  considerably  increased  by 
pilocarpin,  but  diminished  by  nicotin.  According  to  him,  the  carbon 
dioxide  of  the  stomacli  is  a  product  of  the  activity  of  the  secretory  cells. 
^B  According  as  the  food  is  iinely  or  coarsely  divided  it  passes  sooner  or 
^^later  through  the  pylorus  into  the  intestine.  From  Brsin's  observations 
on  a  human  intestinal  fstula,  it  required  generally  15-30  minutes  after 
eating  for  undigested  food  to  pass  into  the  upper  part  of  the  small  intes- 
tine- In  a  case  of  duodenal  fistula  in  a  human  being  observed  by  KriiKE, 
he  saw,  ten  minutes  after  eating,  uncnrdled  but  still  coagnlable  milk  and 
amall  pieces  of  meat  pass  out  of  the  fistula.  The  time  in  which  the  stomach 
nnburdens  itself  of  its  contents  depends,  however,  npon  the  rapidity  with 


I      '  See  CoDtejean,  *'Sur  la  digestion  gaslrique  de  la  graiase/'  Arch,  de  PhjBiol,  (5)^ 
Tome  6. 

•  PIoDGr,  Wlen.  Bllzuugsber,  Bd.  42;  ScMerbeck,  1.  c 
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wMch  the  qnantity  of  hydrochloric  acid  increases,  for  it  Boems  to  act  ass 
sort  of  irritant  and  caoses  the  opening  of  the  pjloras.  Many  other  condi- 
tions also  come  into  play,  naoiely,  the  activity  of  the  gastric  jnice,  the 
qnaotity  and  character  of  the  food,  etc.,  etc,  and  therefore  the  time 
required  to  empty  the  etomach  most  be  variable.  Richet  observed  io  % 
case  of  stomachic  fistnla  that  in  man  the  quantity  of  food  which  is  in  tbe 
stomach  the  first  three  hours  is  not  essentially  changed,  bat  that  in  the 
course  of  a  quarter  of  an  honr  nearly  all  is  driven  ont,  so  that  only  a  small 
residae  remains.  Kuiine  has  made  about  the  same  observations  on  dogs 
and  human  beings.  He  found,  indeed,  in  dogs  that  in  the  first  hour  small 
quantities  of  meat  passed  into  the  intestine  every  ten  minntes;  but  he  also 
observed  that  in  dogs,  on  an  average^  about  five  hours  after  eating,  in  man 
somewhat  earlier,  a  free  emptying  into  the  intestine  takes  place.  Accord- 
ing to  other  investigators,  the  emptying  of  the  hnman  stomach  does  not 
take  place  suddenly,  but  gradually.  Beaumont  '  found  in  his  extenave 
observationa  on  the  Canadian  hunter,  St.  M  AHTiif,  that  tbe  stomach,  as  a 
rale,  is  emptied  H-5|  hours  after  a  meal,  depending  upon  the  character  of 
the  food. 

The  time  in  which  different  foods  leave  the  stomach  depends  also  upon 
their  digeBtibility.  In  regard  to  the  unequal  digestibility  in  the  stomach 
of  foods  rich  in  proteids,  which  really  form  the  object  of  the  action  of  the 
gastric  juice,  a  distinction  must  be  made  between  the  rapidity  with  which 
the  proteids  are  converted  into  album oses  and  peptones  and  the  rapidity 
with  which  the  food  is  converted  into  chyme,  or  at  least  so  prepared  that  it 
may  easily  pass  into  the  intestine.  Thia  distinction  is  especially  important 
from  a  practical  standpoint.  When  a  proper  food  ia  to  be  decided  upon  in 
cases  of  diminished  stomachic  digestion,  it  is  important  to  select  such  foods 
as,  independent  of  the  difficulty  or  ease  with  which  their  proteid  is  pepton- 
ized, leave  the  stomach  easily  and  quickly,  and  which  require  as  little  action 
as  possible  on  the  part  of  this  organ.  From  this  point  of  view  those  foods, 
as  a  rule,  are  most  digestible  which  are  Hold  from  the  start  or  may  be  eouly 
liquefied  in  the  Btomach^  but  these  foods  are  not  always  the  most  digestible 
in  the  sense  that  their  proteid  is  most  easily  peptonized.  As  an  example, 
hard-boiled  white  of  egg  is  more  easily  peptonized  than  fluid  white  of  ^'g 
at  a  degree  of  acidity  of  1-^  p.  m,  IICl;*  nevertheless  we  consider,  and 
justly,  that  an  unboiled  or  soft-boiled  tgg  is  easier  to  digest  than  a  hard- 
boiled  one.  Likewise  uncooked  meat,  when  it  is  not  chopped  very  fine,  is 
not  more  quickly  but  more  slowly  peptonized  by  the  gastric  jnioe  than  the 
cooked,  hut  if  it  is  divided  sufficiently  fine  it  is  often  more  quickly  pepton- 
ized than  tbe  cooked.  ■ 

"  BuBcb,  Vircliow's  Arcla.,  Bd.  14  ;  Ktthne,  LeLrb.  d.  pliysiol.  Chem.»  S.  63 ;  Richet, 
1.  c. ;  Beaumont,  1*  c, 

•  Wawiinsky,  Maly'a  Jahretber.,  Bd.  3, 
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The  greater  or  less  facility  with  which  the  different  albnminons  foods 
peptonized  by  the  gastric  joice  has  been  conipamtively  little  Btndiecl, 
mnd  as  the  conditions  in  the  stomach  are  more  complicated,  results  obtained 
with  artificial  gastric  juice  are  often  of  no  value  for  the  practising  physician 
aad  should  in  any  case  be  used  only  with  the  greatest  caution.  Under  these 
c L re n instances  we  cannot  enter  more  deeply  into  this  subject,  but  the  reader 
13  referred  to  text-books  on  dietetics  and  the  study  of  foods. 

As  onr  knowledge  of  the  digestibility  of  the   different  foods  in   the 

stomach  is  slight  and  dtibions,  so  also  our  knowledge  of  the  action  of  other 

^^odles,  such  as  alcoholic  drinks,  bitter  principles,  spices,  etc.,  on  the  natural 

^■tgeetion  is  very  uncertain  and  imperfect.     The  diftieiUties  which  stand  in 

^the  way  of  this  kind  of  investigation  are  very  great,  and  therefore  the  results 

obtained  thns  far  are  often  ambiguous  or  conflict  with  each  other.     For 

eiamplej  certain  investigators  have  observed  that  small  quantities  of  alcohol 

or  alcoholic  drinks  do  not  prevent  but  rather  facilitate  digestion;  others 

observe  only  a  disturbing  action;  while  other  investigators  believe  to  have 

foand  that  the  alcohol  first  acts  somewhat  as  a  disturbing  agent,  but  after- 

PHrards,  when  it  is  absorbed,  it  produces  an  abundant  secretion  of  gastric 
]nice>  and  thereby  facilitates  digestion  (GLrziNSKi,  Cmn^ENDEX  ^). 

The  digestion  of  sundry  foods  is  not  dependent  on  one  organ  alone,  but 
divided  among  several.  For  this  reason  it  is  to  be  expected  tliat  the  variouB 
digestive  organs  can  act  for  one  another  to  a  certain  point,  and  that  there- 
fore the  work  of  the  stomach  could  be  taken  np  more  or  less  by  the 
intestine.  This  in  fact  is  the  case*  Thns  the  stomach  ol  a  dog  has  been 
almoBt  completely  extirpated  (Czerny,  Carvallo,  and  Panciion),  and 
also  that  part  necessary  in  the  digestive  process  has  been  eliminated  by 
plugging  the  pyloric  opening  (Lulavio  and  Ogata),  and  in  both  cases  it 
was  possible  to  keep  the  animal  alive,  well  fed,  aod  strong.  This  is  also 
true  for  hnman  beings.^  In  these  cases  it  is  evident  that  the  digestive  work 
of  the  stomach  was  taken  np  by  the  intestine;  bnt  all  food  cannot  he  digested 
in  these  cases  to  the  same  extent,  and  connective  tissue  of  meat  in  especial 
is  sometimes  found  to  a  conaklerable  extent  undigested  in  the  excrements, 

A  cat  whose  BloruRtb  Carvallo  imd  Pakcuon  iind  extirpated  entirely  Wved  only  six 
moQtliF,  but  this  was  cnused  by  its  uot  wnndug  to  take  food.  These  luveBligntors  find  it 
prohalilc  tliitt  the  stoiimcL  U  neceesary  for  ihe  aeusatioD  of  ibe  want  of  food. 

In  order  to  judge  of  the  role  of  the  stomach  in  digestion  the  amount  of 
the  digestion  prodncts  in  the  stomach  has  been  determined.     These  deter- 


I  »  Ghizinskl,  Deutach,  Arch,  f,  klin,  5Ied,,  Bd.  B9;  Chtllenden,  Centralbl  f.  d.  med. 
Wissensch*,  1889;  and  Chitleadcn  and  Mendel,  and  others,  Amer.  Journ,  of  Physiol., 
Vol.  1. 

•  Czemy,  cited  from  Bunge,  Lebrbiich  tL  physioi  «.  Path.  Chem.,  S.  Atifl, :  Carvallo 
ftnd  Pancbon,  Arch.  d.  Physiol,  (5),  Tome  7  :  OgaU,  Dii  BoisJieymom1*s  Arch.,  1883. 
In  regard  to  a  bumaa  case  see  Bcblatler  lu  Wr6blewaki|  Centralbl.  f.  PhyBio].,  Bd  11» 
8.665. 
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minatioofi,  part  on  man  and  part  on  animald,  have  led,  as  is  to  be  expected, 
to  varying  reanlta  (Cahn,  Ellenberger  and  IIofmeistbr*  CHiTTBKDijr 
and  Amerman  '). 

It  is,  however,  qnite  generally  asanmed  that  no  peptonization  of  tht 
proteids  worth  mentioning  occars  in  the  etomachj  and  that  the  albmniiioas 
foods  are  only  prepared  m  the  atomach  for  the  real  digestive  processes  in  tlw 
iatestine.  That  the  stomach  serves  in  the  first  place  as  a  storeroom  foUowt 
from  its  shape,  and  this  function  is  of  special  valne  in  certain  new-born 
animals,  for  inatance  in  dogs  and  cats.  In  these  animals  the  secretion  of 
the  Btomach  contains  only  hydrochloric  acid  but  no  pepsin,  and  the  ca§eiii 
of  the  milk  is  converted  by  the  acid  alone  into  solid  lamps  or  a  solid 
coagulum  which  fiJlfi  the  stomach.  Small  portions  of  this  coagnlum  pis 
into  the  intestine  oaly  little  by  little,  and  an  overbardening  of  the  intestine 
is  thus  prevented.  In  other  animals,  such  as  the  snake  and  certain  fishes, 
which  swallow  their  food  entire,  it  is  certain  that  the  major  part  of  the 
process  of  digestion  takes  place  in  the  stomach-  The  importance  of  the 
stomach  in  digestion  cannot  at  once  be  decided.  It  varies  for  different 
animals,  and  it  may  vary  in  the  same  animal,  depending  upon  the  division 
of  the  food,  the  rapidity  with  which  the  peptonization  takes  place,  the  more 
or  less  rapid  iucrease  in  the  amount  of  hydrocbloric  acid,  and  so  on.  ■ 

It  is  a  well-known  fact  that  the  contents  of  the  stomach  may  be  kept^ 
without  decomposing  for  some  time  by  means  of  liydrochloric  acid,  while, 
on  the  contrary,  when  the  acid  is  neutralized  a  fermentation  commences  by 
which  lactic  acid  and  other  organic  acids  are  formed.     According  to  CoHX 
an  amount  of  hydrochloric  acid  more  than  0.7  p,  m,  completely  arrests 
lactic  acid  fermentation,  even  under  otherwise  favorable  circnmstances,  and 
according  to  Stratss  and  Kialocouu*  the  limit  of  lactic  acid  fermentation 
lies  at  ^.t  p.  m.  hydrochloric  acid  nnited  to  organic  bodies.     The  hydro- 
chloric acid  of  the  gastric  juice   has  unquestionably  an  anti-fermentiv«M 
action,  and  also,   like  dilute  mineral  acids,  an  antiseptic  action.*     This 
action  is  of  importance,  as  mauy  disease  micro-organisms  may  be  destroyed 
by  the  gastric  juice.     The  common  bacillus  of  cholera,  certain  streptococci^M 
etCp,  are  killed  by  the  gastric  juice,  while  others,  esi>ecially  as  spores,  are 
nnacted  upon/     The  fact  that  gastric  juice  can  diminish  or  retard  the 


I 


^  CiiiiQ,  Zdtscbr  f.  klSQ.  Med.,  Bd.  12;  Elleuberger  and  Hofmdaler.  Du  Bois-Rey- 
moud's  Arcli.,  18&0  ;  ChltteDden  aud  Amermaa,  Journ  of  PhyaioL,  Vol.  14, 

*  Cohu,  2Scilscbr.  f,  physlol.  Cbem.,  Bd.  14;  Siratissaud  Btalacour,  ZeiUchr.  f.  klJo. 
Med.,  Bd.  23, 

■  See  KUhne,  Lehrbuch.  S.  57  :  Biinge,  Lebrbucli.  4.  Aufl.,  S,  148  and  15d ;  P.  Coho. 
1.  c;  HirscbfeUl,  PiUger'a  Arch,.  Bd.  47. 

*  In  regard  to  tlie  nciioD  of  gastric  Juice  on  pathogenic  microbes  we  refer  Lhe  reader 
to  handbooks  of  Bacteriology. 
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3tioQ  of  certain  toxalbtimms,  sack  or  tetano toxin  and  ilipbtheria  toxio,  ia 

of  great  interest  (Nencki,  Steber,  and  Schoumow  »). 

Because  of  this  antiferm entire  and  antitoxic  action  of  gastric  juice  it  is 

considered  that  the  chief  importance  of  the  gjistric  joice  lies  in  its  antiBeptio 

action.     The  fact   that   intestinal    putrefaction*  is   not  increased  on  the 

extirpation  of  the  etomach,  as  derived  from  experimenta  made  on  man  and 

^^nimals,  does  not  uphold  this  view. 

^m  After  death,  if  the  stomach  still  contains  food»  anto-digestion  goes  on 
^Biot  only  in  the  stomach,  hot  also  in  the  neighboring  organs,  during  the 
^bow  cooling  of  the  body.  This  leads  to  the  question,  why  does  the  stomach 
not  digest  itself  daring  life  ?  Ever  since  Patt  has  shown  that  after  tying 
the  smaller  hlood-vessels  of  the  stomacli  of  dogs  the  correspond mg  piirt  of 
the  mucons  membrane  was  digested,  efforts  ha?e  been  made  to  find  the 
canse  in  the  neutralization  of  the  acid  of  the  gastric  juice  by  the  alkali  of 
the  blood.  That  the  reason  for  the  non-digestion  during  life  is  to  be  sought 
for  in  the  normal  circnlation  of  the  blood  cannot  be  contradicted;  hot  the 
reason  is  not  to  be  songht  in  the  neutralization  of  the  acid.  The  recent 
investigations  of  Fehmi,  Matokh,  and  Otte*  show  that  the  blood  circula- 
tion acts  in  an  indirect  manner  by  the  normal  nourishment  of  the  cell 
protoplasm,  and  this  is  the  reason  why  the  living  protoplasm  acts  unlike 

Pead  protoplasm  on  the  digestive  fluids  of  the  stomach  or  the  intestine. 
till  we  do  not  kno*"  on  what  this  resistance  of  the  living  protoplasm  is 
ased. 

tender  pathological  conditions  irregularities  in  t!ie  secretion  as  well  as  in 

the  absorption  and  in  the  mechanical  work  of  the  stomach  may  occur. 

Pepsin  is  almost  always  present,  bot  the  absence  of  the  rennin,  as  above 

stated,  may  occnr  in  many  cases  (Boas,   Johnsox,    Klempeker*).     In 

regard  to  the  acid,  it  should  be  mentioned  that  sometimes  this  secretion 

may  be  increased  so  that  an  abnormally  acid  gastric  juice  is  secreted,  and 

sometimes   may   be   decreased   so  that  little  if   any   hydrochloric   acid   is 

aecreted.      A  hypersecretion   of  acid  gastric   jnice  sometimes  occurs.      In 

Hthe  secretion  of  too  little  hydrochloric  acid  the  same  conditions  appear  as 

^nfter  the  nentralization  of  the  acid  contents  of  the  stomach  ootside  of  the 

Horganism.     Fermentation  processes  now  appear  in  which,  besides  lactic  acid, 

there  appear  also  volatOe  fatty  acids,  such  as  butyric  and  acetic  acids,  etc., 

and  gases  like  hydrogen.     These  fermentation  products  are  therefore  often 

found  in  the  stomach  in  cases  of  chronic  catarrh  of  the  stomach,  which 


»  Ceotralbl.  f.  Baktedologie,  etc.,  Bd.  23. 

*  Bee  Carvullo  ain]  Paclioti,  ].  c,  uml  Schlfttler  in  Wrublewski,  h  c, 

*  P.ivy,  PhtL  TraDsactioQs,  Vol  153,  Pan  1,  and  Guy'h  H*i?|>ital  Beporls,  Vol.  18; 
)ne,  TniTaux  du  labonitoire  de  I'lnalitut  de  PbysioL  de  Lit^ge,  Tomo  5,  1896,  wJiich 
Jso  contains  Ibe  liieruturc. 

*  See  fool- note  1,  page  267. 
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may  give  rise  to  belching,  pyrosis,  and  other  symptoms.     According  to  I 
Boas  the  appearance  of  lactic  acid  is  characteristic  of  carcinoma  of  tb 
stomach,  bnt  this  is  denied  by  othera. 

Arnuug  llie  foreigD  substuticea  foimd  in  the  cootentB  of  the  9lomiicli  we  hAvetiRL^, 
or  iimmonium  carbooate  derived  thcnif rom  iti  urtemia  ;  bl«>od»  wbkb  geDerally  furai* 
a  durk-brawn  muas  ibruut^b  the  prL'st-nee  ot  beemalin,  doe  to  tbe  action  of  Ibe  gusuk 
juice  ;  bile,  wbicb.  eapecially  duriog  voniiting,  ensily  tiuda  its  way  througb  the  pylorus 
mlo  the  stomach,  but  whose  presence  seems  to  be  without  irnportaDce. 

If  it  ia  desired  to  test  the  gastric  jtiice  or  the  contents  of  the  stomicli 
ioT  pepsin^  Hbdn  may  be  employed.  If  this  is  thoroughly  washed  immedi* 
ately  itfter  beating  the  blood,  well  pressed  aud  placed  in  glycerin,  it  may  be 
kept  in  serviceable  condition  an  indefinitely  long  time.  The  gastric  juice 
or  the  contents  of  the  stomach— the  latter,  if  necessary,  having  been 
previously  diluted  with  1  p.  m.  hydrochloric  acid — -is  filtered  and  tested 
with  fibrin  at  ordinary  temperature.  (It  must  not  be  forgotten  that  a 
control  test  must  be  made  witli  acid  alone  and  another  portion  of  the  fiame 
fibrin.)  If  the  fibrin  is  not  noticeably  digested  within  one  or  two  hours,  no 
pepsin  is  present,  or  at  most  there  are  only  slight  traces. 

In  testing  for  renniu  the  liquid  mast  be  first  carefully  neatralized.  To 
10  c*c,  unboiled,  amphoteric  (not  acid)  cow's  milk  add  1-2  c.c.  of  the  fil 
tered  neutralized  liquid,  in  the  presence  of  reunin  the  milk  should  coagu- 
late to  a  solid  mass  at  the  temperature  of  the  body  in  the  course  of  1<V20 
minutes  witbout  chaugiug  its  reaction.  If  the  milk  is  diluted  too  much  by 
the  addition  of  the  liquid  of  the  stomach,  only  coarse  flakes  are  obtained 
and  no  solid  coagulnm.  Addition  of  lime-salts  is  to  be  avoided,  as  they  in 
great  excess  may  produce  a  partial  coagulation  even  in  the  absence  of  reti- 
nin* 

In  many  cases  it  is  especially  important  to  determine  the  decree  cf  adi 
ity  uf  the  (/astrie  juice.  This  may  be  done  by  tbe  ordinary  titratioi 
methods*  PJienol  phthalein  must  not  be  used  as  an  indicator,  for  we  get 
too  high  reauUs  in  the  presence  of  hirge  quantities  of  proteids.  Good 
results  may  be  obtained,  on  the  contrary,  by  using  very  delicate  litmQS 
paper.  As  the  acid  reaction  of  the  contents  of  the  stomacfi  may  be  caused 
sinmltaneoualy  by  several  acids^  still  tbe  degree  of  acidity  is  here,  as  ia 
other  cases,  expressed  in  only  one  acid,  e.g.,  HCl,     Genemlly  the  acidity 


i 
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is  designated  by  the  number  of  c.c.  of  ^  caustic  soda  which  is  required 

neutralize  the  several  acids  in  100  c.c.  of  the  liquid  of  the  stomach.     An 
acidity  of  •13'^  means  that  100  c.c.  of  the  Uquitl  of  the  stomach  required 

43  c.c,  of  --  caustic  soda  to  neutmlize  it. 

The  acid  reaction  may  be  partly  doe  to  free  acid,  partly  to  acid  salts 
(monophosphates),  and  partly  to  botfi.  According  to  Leo*  we  can  test  for 
acid  pliosphates  by  calcium  carbonate,  whicli  is  not  neutralized  therewith, 
while  the  free  acids  are.  If  the  gastric  content  has  a  neutral  reaction  after 
shaking  with  calcium  carbonate  and  the  carbon  dioxide  is  driven  out  by 
current  of  air,  then  it  contains  only  free  acid ;  if  it  has  an  acid  reactioi 
then  acid  phosphates  are  present;  and  if  it  is  less  acid  than  before,  it  coi 


J 


»  Ceatralhl.  f.  d.  med.  Wlsseoscb.,  1889.  S.  481,  and  FflQger'a  Arch.,  Bd.  48,  8.  614, 
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lias  both  free  acid  and  acid  pboaphate.     This  method  can  also  be  applied 
the  estimation  of  free  acid  (see  below). 

It  U  also  important  to  be  able  to  ascertain  the  nature  of  the  acid  or 

zids  occurring  in  the  contents  of  the  stomach.     For  this  purpose,  and 

specially  for  the  detection  of  free  In/tlrovkioriv  acid,  a  great  number  of 

color  reactions  have  been  proposed,  which  are  all  based  upon  the  fact  that 

i_the  coloring  substance  gives  a  characteristic  color  with  very  small  (j nan ti ties 

Df  hydrochloric  acid,  while  lactic  acid  and  the  other  organic  acids  do  not 

^gire  these  colorations,  or  only  in  a  certain  concentration,  which  can  hardly 

exist  in  the  contents  of  the  stomach.     These  reagents  are  a  mixture  of 

FERRIC  ACETATE  and  POTASSIUM  SL  LPHOCYANIDE  solutiou  (MoHii's  reagent 

has  been  modified  by  several  investigators),   m etii y la nilix- violet,  tro- 

iF^^OLlN    00,     CoXtiO     RED,     MALACHITE-OREEN,     PHLORfHiLrClN-VANILLiN, 

BENZOPCRPURIN  6  B,  and  others.  As  reagents  for  free  kutic  arid  Uffel- 
MANN  suggests  a  strongly  diluted,  amethyst-blue  Boknion  of  ferric  chlo- 

tRiDE  and  carbolic  acid  or  a  strongly  dihited,  nearly  colorless  solution  of 
FERRrc  chloride.  These  give  a  yellow  with  lactic  acid,  bnt  not  with 
hydrochloric  acid  or  with  Toktile  fatty  acids. 
The  vaUie  of  these  reagents  in  testing  for  free  hydrochloric  acid  or  lactic 
acid  is  still  disputed.'  Among  the  reagents  for  free  hydrochloric  acid, 
Mohr's  teat  (even  though  not  very  delicate),  GuNznuRcrs  test  with  phloro- 
glacin-Tanillin,  and  the  test  with  tropceolin  00,  performed  in  moderate  beat 
aa  suggested  by  Boas,  seem  to  bo  tlie  most  valuable.  If  these  tests  give 
positive  results,  then  the  presence  of  hydrochloric  acid  may  be  considered 
1^  proved.  A  negative  result  does  not  eliminate  tlie  presence  of  hydro- 
chloric acid,  as  the  delicacy  of  these  reactions  has  a  limit,  and  also  the 
simultaneous  presence  of  proteid,  peptones,  and  other  bodies  inflnences  the 
reactions  more  or  less.     The  reactions  for  lactic  acid  may  also  give  negative 

PresnlU  in  the  presence  of  comparatively  large  cjimntities  of  hydrochloric 
acid  in  the  liquid  to  he  tested.     Sugar,  sulpbocyanides,  and  other  bodies 
may  act  with  these  reagenta  similarly  to  lactic  acid. 
I  In  testing  for  lactic  acid  it  is  safest  to  shake  the  material  with  ether  and 

H  test  the  residue  after  the  evaporation  of  the  ether.  On  the  evaporation 
^  of  the  ether  it  maybe  tested  in  several  ways.  Boas'  utilized  the  property  of 
lactic  acid  of  being  oxidized  into  aldehyde  and  formic  acid  oti  careful  oxida- 
tion with  snlpburic  ^icid  and  manganese  dioxide.  The  aidehyde  is  detected 
by  its  forming  iodoform  with  an  alkaline  iodine  Bolntion  or  by  its  forming 
aldehyde  mercury  with  Nessler's  reagent.     The  quantitative  estimation 

.       N 

■  consists  in  the  formation  of  iodoform  with  --  iodine  solution  and  caustic 
N 
potash,  adding  an  excess  of  hydrocliloric  acid  and  titrating  with  a  —  sodium 

arsenite  solution,  and  retitrating  with  iodine  solution,  after  the  addition  of 
starch-paste,  until  a  blue  coloration  is  obtained.  This  method  presapposes 
the  use  of  ether  entirely  free  from  alcohol. 

In  order  to  be  able  to  correctly  judge  of   the  value  of  the  different 
reagents  for  free  hydrochloric  acid,  it  is  naturally  of  greatest  importance  to 

^P        '  In  repird  to  the  extensive  liternturcon  ihisquenlion  we  refer  lu  v.  Jaksch,  Klinische 
Diagnosiik  innerer  Krankbekeo.  4.  Aufl.,  1996   Seciioii  5. 

'  Dc'Ut&cb.  med.  WocbetiBclinp  1803,  and  MUacbetier  metl.  Woehenscbr.,  1808. 
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be  dear  m  regard  to  what  we  mean  by  free  hydrocljloric  acid.  It  is  a  well* 
known  fact  t!iat  hydrochloric  acid  combines  with  protuids,  and  a  consider- 
able  part  of  the  hydrochloric  acid  niay  therefore  exist  in  the  contents  of 
the  stomach,  after  a  moal  rich  in  proteids,  in  combination  with  proteids. 
This  hydrochloric  acid  conibincd  with  proteida  cannot  be  considered  as  free, 
and  it  is  for  this  reason  that  certain  iuTestigators  consider  such  methods  u 
those  of  Leo  and  Sjoqvist,  which  will  be  described  below,  as  of  little 
value.  However,  it  most  be  remarked  that,  according:  to  the  unaoimooi 
experience  of  many  ioTeatigators,  the  hydrochloric  acid  combined  with  pro- 
teids m  phyaiologically  active.  Those  reactions  (color  reactions)  which  oalj 
respond  to  actually  free  hydrochloric  acid  do  not  show  the  physiologically 
active  hydrochloric  acid.  The  suggestion  of  determining  the  **  ]>hysiologi- 
cally  active*'  hydrochloric  acid  instead  of  the  **  free*'  seenia  to  be  correct 
in  principle;  and  as  the  conceptions  of  free  and  of  physiologically  actiie 
hydrochloric  acid  are  not  the  same  it  must  always  be  clear  whether  we 
want  to  determine  the  actually  free  or  the  physiologically  active  hydro- 
chloric acid  before  we  jadge  of  tlie  value  of  a  certain  reaction. 

As  the  above-mentioned  reactions  for  hydrochloric  acid  and  organic 
acids  are  not  anfficient  in  exact  investigations,  still  they  may  serve  in  many 
eases  for  clinical  purposes,  and  it  will  saftice  to  refer  the  reader  to  other 
text-books,  and  especially  to  ^^ KUnisehe  Diagnostik  iunerer  Krankheiten^'' 
by  R.  V.  Jaksch,  4th  edition^  1896,  for  the  performance  and  the  relative 
valoe  of  these  teste. 

Among  the  many  methods  suggested  for  the  rpiantitative  estimation  of 
hydrochloric  acid  not  combined  with  inorganic  bases,  the  two  following  are 
the  moat  trustworthy: 

The  met  had  of  K.  Morner  and  Sjoqvist  depends  on  the  following  prin- 
ciple: When  the  gastric  jnice  is  evaporated  to  dryuees  with  barium  carbon- 
ate and  then  calcined  the  organic  acids  burn  up  and  give  insolnble  barium 
carbonate,  while  the  hydrochloric  acid  forms  soluble  barium  chloride* 
From  the  qLiantity  of  this  the  original  amount  of  hydrochloric  acid  can  be 
calcuiated.  10  c.c.  ol  the  filtered  contents  of  the  stomach  is  mixed  in  a 
small  platinum  or  silver  dish  with  a  knife-point  of  bariom  carbonate  free 
from  chlorides,  aud  evaporated  to  dryness.  The  residue  ia  bnnit  ami 
allowed  to  glow  for  a  few  minutes.  The  cooled  carbon  is  gently  rubbed  with 
water  and  completely  extracted  with  boiiiag  water,  and  the  filtrate  (aboat 
50  c,c.)  precipitated  by  ammonium  chromate  after  the  addition  of  ammo-^ 
nium  acetate  and  acetic  acid  and  boiling.  The  carefully  collected  precipitate 
is  washed  and  dissolved  in  water  by  the  aid  of  a  little  HCl,  KI»  and  hydro- 
chloric acid  added  and  titrated  with  hyposulphite  solution.  The  reactions 
take  place  as  follows:  4HC1  +  2BaC0*  =  2HaCl,  +  nifi  +  *2C0 ,;  ^^BaCl. 
+  '2(NllJ,CrO;  =  2l?aCrO,  +  -iNIl^Cl ;  2BaCrO^  +  16HC1  +  0KI  =  2BaCi, 
+  Cr,Cl.  +  8H,U  +  GKCl  +  31,;  aud  HI,  +  0Na,S,O,  =  »J\aI  +  3Xa,8,0,. 
Each  c.c.  of  the  hyposulphite  corresponds  to  3  mgm.  HCl.  Complete 
directions  for  tlie  necessary  solutions  aud  for  the  performance  of  the  method 
may  be  fonud  in  Sjoqvist^  Zeitschr.  f.  klin.  Med.,  Bd,  32. 

Leo's  Method.^     10  c.c»  of  the  filtered  gastric  juice  is  treated  with  about 

6  c.c,  calcium-chloride  solution,  and  the  total  acidity  determined  by  -^ 


EXAMINATION  OF  TEE  QASTRIC  CONTENTS, 


279 


Icaostlc-Boda  solution,  usiog  litmus  as  the  indicator.     Tbeu  shake  15  c.c.  of 
the  same  gastric  juice  with  pure,  finely  pow^dered  calcium  carbonate,  filter 

I  through  a  dry  filter,  remoTe  the  carbon  dioxide  from  the  filtrate  by  means 
of  a  current  of  air,  meaBiire  off  exactly  10  c.c.  of  the  liquid  and  treat  with 
5  c.c.  of  the  calcium-chloride  solatiou,  and  add  litmus  and  titrate  again. 
The  difference  between  the  two  titrations  shows  the  acidity  due  to  free  acid. 
Any  fatty  acids  present  may  be  shaken  out  from  another  portion  by  ether 
and  the  acidity  determined  on  the  spontaneous  evaporation  of  the  ether* 

Other  methods  have  been  proposed  by  Cahx  and  w  Meking,  Hoffmann, 
Winter  and  U.wem,  and  Bkaun.  According  to  Kosslek  '  the  three  last- 
mentioned  methods  are  not  qoite  serviceable. 

Leo"  has  recently  made  strong  objections  to  the  osefulness  of  JIouner 
and  Sjuqvist's  method.  He  contradicts  the  correctness  of  Sjoi^vist^s 
statement  in  regard  to  the  extent  of  dissociation  in  varioos  mixtures  of 
j hydrochloric  acid  and  phosphates,  and  he  obtained  in  direct  determinations 
tench  an  irregularity  in  the  results  and  such  a  great  variation  from  the  theo* 
retically  calculated  quantity  of  hydrochloric  acid  that  he  considers  this 
method  as  unserviceable. 

The  objections  made  to  Mornee  and  Sjoqvist's  method  are  in  part 
unimportant  and  jjart  incorrect  and  unfounded  (S,idtjYisT*),  and  for  the 
present  we  have  no  better  method  or  one  yielding  more  trustworthy  results. 
In  testing  for  volatile  faUy  adds  the  contents  of  tlie  stomach  should  not 
be  directly  distilled,  as  volatile  fatty  acids  may  be  formed  hy  the  decom- 
poeition  of  other  bodies,  such  as  proteid  and  hit^moglobiu*  The  neutralized 
contents  of  the  stomach  are  therefore  precipitated  with  alcohol  at  ordinary 
temperature,  filtered  quickly,  pressed,  and  repeatedly  extracted  with  alco- 
hol, '  The  alcoholic  extracts  are  made  faintly  alkaline  hy  sotla,  and  the 
alcohol  distilled.  The  I'eaidue  is  now  acidified  by  sulphuric  or  phosphoric 
acid  and  distilled.  The  distillate  is  neutralized  by  soda  and  evaporated  to 
dryness  on  tlie  water-bath.  The  residue  is  extracted  with  absolute  alcohol, 
filtered,  the  alcohol  distilled  off,  and  this  residue  dissolved  in  a  little  water. 
This  solution  may  be  directly  tested  for  acetic  acid  with  sulphuric  acid  and 
alcohol  or  with  ferric  chloride.  Formic  acid  may  be  tested  for  by  silver 
nitrate,  which  quickly  gives  a  black  precipitate;  and  butyric  acid  is  detected 
bj  the  odor  after  the  addition  of  an  acid.  In  regard  to  the  methods  for 
more  fully  investigating  the  different  volatile  fatty  acids,  the  reader  la 
referred  to  other  text-books. 


Ill-  The  GlanilH  of  tlie  MiieouH  Membrane  of  the 
Intestine  and  their  SeeretinnH, 


The  Secretion  of  Brunher's  Glands.  These  glands  are  partly  considered 
aa  small  pancreas-glands  and  partly  as  mucous  or  salivary  glands.  Their 
importance  in  various  animals  is  different.  According  to  Grutzneh* 
they  are  closely  related  in  dogs  to  the  pyloric  glands  and  contain  pepsin. 


»  ZeiLscbr,  f.  pbysiol.  Clxem.,  Bd.  17. 
«  ZellscliT.  t  klio.  Med.,  Bd.  32. 
•  Md.,  Btl.  82. 
*PflUger*9  Arclh,  Bd.  IS, 
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The  yiewfi  in  regard  to  the  occurrence  of  a  diaaUtic  enzyme  are  contraiUc- 
torj,  and  the  difficiiUj  of  collectiog  the  secretion  from  these  glandB  free 
from  contamination  makes  this  aesomption  somewhat  nnreliable. 

The  Secretion  of  Lieberknlm's  Olands.  The  secretion  of  these  glimdi 
has  been  stndied  by  the  aid  of  a  fistnla  in  the  intestine  according  to  the 
method  of  Thiry  ami  Vella,  Very  little  if  any  secretion  takes  place  ia 
fasting  animals  (dog)  when  the  mncons  membrane  is  not  irritated.  Iq 
lambs  Pregl  fonnd  the  secretion  continnona.  The  partaking  of  food 
canses  a  secretion,  and  in  lambs  increases  the  secretion  already  taking  place. 
Jlechanical,  chemical ^  and  electrical  irritations  act  in  the  same  manner  in 
dogs  (Thiry).  Pilocarpin  does  not  increase  the  secretion  in  lambs,  and  ift 
dogs  it  does  not  seem  to  be  always  active  (G  amgee  ').  The  quantity  of  tbii 
secretion  in  the  course  of  24  hours  has  not  been  exactly  determined. 

In  the  npper  part  of  the  small  intestine  of  the  dog  this  secretion  is 
scanty,  slimy,  and  gelatinous;  in  the  lower  part  it  h  more  flaid,  with 
gelatinons  lumps  or  ilakes  (Ruhmann).  Intestinal  jnice  has  a  strong 
alkaline  reaction,  generates  carbon  dioxide  on  the  addition  of  an  acid,  and 
contains  (in  dogs)  nearly  a  constant  quantity  of  XaCl  and  Na,CO„  4.8-6 
and  4^5  p.  m.  respectively  (Gumilewski,  Kqhmakn').  It  contaius 
proteid  (TniRY  foond  8.01  p.  ra,),  the  quantity  decreasing  with  the  dura- 
tion of  the  elimination.  The  quantity  of  solids  varies.  In  dogs  the 
quantity  of  solids  is  12,2-24*1  p,  m,,  and  in  lambs  29.85  p.  m.  The 
specific  gravity  of  the  intestinal  juice  of  the  dog,  according  to  the  observa* 
tions  of  TiiiRY,  is  1.010-1.0107,  and  in  lambs  1JJ1427  (Pregl).  The 
intestinal  juice  from  lambs  contains  18,097  p.  m.  proteid,  1»274  p,  m. 
albomoses  and  mocin^  2.29  p.  m.  urea,  and  3,13  p.  m.  remaining  organic 
bodies. 

The  action  of  the  intestinal  JQice  has  been  studied  by  many  investi- 
gators, hat  the  views  concerning  it  are  at  variance.  According  to 
certain  experimenters  it  has  the  power  of  converting  boiled  starch  into 
sugar,  but  others  claim  that  it  has  not  the  property.  Still  this  action  is 
always  only  alight.  However,  it  seems  generally  accepted,  as  shown  by 
Paschltin,  Brov^'N  and  Hekon,  Bastiajs-elli,*  and  others,  that  the 
intestinal  juice  or  an  infusion  of  the  mucous  membrane  has  an  inverting 
action  on  cane-sugar  or  maltose.  Lactose  seems,  at  least  in  certain  animals, 
as  dog  and  calf  (Kohmaxx  and  Lappe)  and  new-born  children  (Pautz  and 


'  Tbiry,  Wieu.  SItzungsber.,  Bd.  50  ;  YeHa,  Moleftchotl's  Uoters^ch.,  Bd.  13 ;  Pregl,| 
PflUger's  Arch.,  Bd.  61;  Gamgee,  Physiol  Chem..  VoK  2,  p,  410,  where  VeUft  aad] 
MaaloJI  lire  quoted 

>  GumHowskl,  Pflllger'H  Arch,,  Bd.  30  ;  R6bmaDn»  ML,  Bd.  41. 

•Paschulin,  Centraibi   f,  d.   med.   WisBensch.,    1870.   9.   561;  Brown  and  HeroST 
AnnaL  d.  Cbem.  u,  PtjArm.,  Bd.  204;  Bastiatielll,  MoleschoU'a  Untersuch.  zur  Nati 
lebre,  Bd.  14.    This  ooataios  all  the  older  litemture. 
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ToGEL*),  to  be  inverted  by  a  special  enzyme^  lactase*  The  action  on 
urbohydrates  takes  place  more  quickly  and  to  a  greater  extent  in  tlie  tipper 
part  of  tlie  intestine,  and  correspondingly  the  absoqUion  of  starch  and 
sngar  occurs  more  quickly  in  the  npper  part  than  in  the  lower  section  of  the 
intestine  (Lannois  and  Lepine,'  Ruiimann). 

By  experiments  with  chloroform*  water  extracts  of  the  mucosa  of  the 
small  intestine,  as  well  as  witli  the  precipitates  obtained  on  the  addition  of 
alcohol  to  these  extracts,  Khugee'  has  confirmetl  the  view  that  the  in- 
testiiial  mucosa  does  not  contain  either  a  proteolytic  or  steatolytic  but 
only  an  amylolytic  and  inverting  enzyme* 

lotefitinal  juice  does  not  split  neutral  fats,  but  it  baa  the  property,  like 
other  alkaline  fluids,  of  emnhifying  the  fats.  In  regard  to  its  action  on 
albuminous  bodies  most  inyestigators  agree  that  the  intestinal  juice  has  no 
action  on  boiled  proteid  or  meat,  while  it  dissolves  fibrin  according  to 
Thiry.  Albiitnoses  B^re  not  converted  into  peptones  (Wenz*).  Contrary 
to  other  investigators,  Schiff  claims  that  the  juice  from  a  anccessful  fistula 
operation  digests  not  only  coagolaied  proteid  and  lumps  of  casein,  but  iilso 
unboiled  and  boiled  meat;  attention  shonld,  however,  be  called  to  the  fact 

^^ai  the  action  of  micro-organisms  was  not  excluded  in  these  experiments. 

^Iiccording  to  Gachet  and  Pacuon  '  a  digestion  of  coagulated  white  of 
egg  can  take  place  m  the  duodenum  on  eliminating  the  gastric  and 
pancreatic  juices* 

Human  intestinal  juice  in  a  case  of  anus  prmier7iatiiralu  has  been  invee* 
tigated  by  Dkmant.  This  juice  showed  itself  entirely  inactive  on  albumi- 
nous  bodies,  even  on  fibrin  and  on  fats.  It  had  only  a  very  faint  action  on 
boiled  starch.  TrRBY  and  Marking  *  have  investigated  human  intestinal 
juice*  The  specific  gravity  was  on  an  average  1.0069.  TJie  reaction  was 
alkaline,  and  an  abundant  development  of  carbon  dioxide  took  place  on 
adding  acid.  Proteids  were  not  digested;  starch  was  first  saccharified  very 
elowly,  while  cane-sugar  and  maltose  were  inverted  by  the  juice.  Fats  were 
both  emulsified  and  saponified.  These  experiments  on  the  action  of  the 
intestinal  juice  on  food  introduced  into  the  intestine  in  cases  of  isolated  loop 
of  the  intestine  in  animals,  and  in  human  intestine  in  cases  of  anus 
prmternaivralisy  have  not  given  any  positive  results,  because  of  the  putre- 
faction processes  going  on  in  the  intestine. 

<  BQhmaDD  and  Loppe,  Ben  d,  detitscli.  cbem,  Geiellsch.,  Bd.  26;  Fautz  and  Yoge1» 
Zeitocbr,  f.  Blologie.  Bd.  32. 

*  Arch,  d,  Physiol  (5).  Tome  1. 
■  Zeiisf'hr.  f.  Bi(»k)gic\  Bil  87. 

*  Z*"tt»f  hr.  f.  Biologic.  Bd.  22.  which  also  coDtaina  the  older  Hterature. 

*  hchiff,  Ceotralbl.  f.  d.  med,  WiBseusch..  180$,  8.  857  ;  Gnchel  and  Pachon,  Arch. 
PJiy^Tol   (5),  Tome  10. 

*  Demani,  Virchow's  Arch.,  Bd.  75:  Turby  awd  MniiDing,  Guy'a  HoipfUl  Report* 
VoL  48,  p.  277  ;  also  Ceutralbh  f.  d,  lued.  Wisaeuach.,  1892,  k  945. 
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The  accretion  of  the  glands  in  the  large  mteBtiee  seems  to  consist  chiefl; 
of  mucQs.  FiBtnlas  have  also  been  introtlticed  into  these  parts  of  the 
intestine,  which  are  chiefly  if  not  entirely  to  be  considered  as  absorption 
organs.  The  investigations  on  the  action  of  this  secretion  on  nntritive 
bodies  have  not  as  yet  yielded  any  positive  results. 


IV,  Faiicreas  ami  PHucreatie  Juice. 

In  invertebrates,  which  have  no  pepsin  digestion  and  which  also  have 
no  formation  of  bile,  tbe  pancreas,  or  at  least  an  analogotia  organ,  seems  to 
be  the  essential  digestion  gland.  On  the  contrary,  an  anatomically  charac- 
teristic pancreas  is  absent  in  certain  vertebrates  and  in  certain  fishes. 
Tho«e  ftinctioTis  which  shoald  be  performed  by  this  organ  seem  to  be  per- 
formed in  these  animals  by  the  liver,  which  may  be  rightly  called  hepato- 
PANCREAS,  In  man  and  in  most  vertebrates  the  formation  of  bile  and  of 
certain  secretions  containing  enzymes  imjiortant  for  digestion  ia  divided 
between  the  two  organs,  the  liver  and  the  pancreas. 

The  pancreas  gland  is  similar  in  certain  respects  to  the  parotid  gland. 
The  secreting  elements  of  the  former  consist  of  nncleated  cells  whose  basis 
forms  a  mass  rich  in  proteids,  which  expand  in  water  and  in  which  two 
distinct  zones  exist.  The  outer  zone  is  more  homogeneons,  the  inner  clondy, 
dae  to  a  quantity  of  granules.  The  nncleus  lies  abont  midway  between  the 
two  zones,  but  this  position  may  change  with  the  varying  relative  size  of 
the  two  zones.  According  to  Ueidexiiain''  the  ianer  part  of  the  cells 
diminishes  in  size  daring  the  first  stages  of  digestion,  in  which  the  secretion 
is  active,  while  at  the  same  time  the  outer  zone  enlarges  owing  to  the 
absorption  of  new  materiah  In  a  later  stage,  when  the  secretion  has 
decreased  and  the  absorption  of  the  nutritive  bodies  has  taken  place,  the 
inner  zone  enlarges  at  the  expense  of  the  outer,  the  substance  of  the  latter 
having  been  converted  into  that  of  the  former.  Under  physiological  con- 
ditions the  glandular  cells  are  undergoing  a  constant  chauge,  at  one  time 
consuming  from  the  inner  part  and  at  another  time  growing  from  the  outer 
part.  The  inner  granular  zone  is  converted  into  the  secretion,  and  the 
outer,  more  homogeneous  zone,  which  contains  the  repairing  material,  is 
then  converted  into  the  granular  substance. 

Besides  considerable  quantities  of  proteids,  glohnlin^  fiuchoproieid  (see 

Chapter  II),  and  albumin,  we  find  in  this  gland  several  enzymes,  or,  more 

orrectly,  zpnoffe?iSy  which  will  be  described  later.     We  also  find  in  this 

and  nucltin,  leticin  (butalanin),  ty rosin  (not  in  the  perfectly  fresh  gland), 

mthint    1"B  p.  m.,   hypoxanthin^  3-4  p.  m.,  guanin^  %-l,b  p.  m.  (all 

ares  are  calculated  for  the  dri^  substance,  Kossel*),  adenine  inmt^ 

'  PUtiger's  ArcU.,  Bd.  10. 

*  Zeitscbr.  f.  physIoI.  Ciiem,.  Bd,  8. 
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lactic  acid^  t^laiiU  faity  acid^^  f^^^  a^^  tnimral  substances.  According 
to  the  investigations  of  Oidtmakn  *  the  human  pancreas  contains  745.3 
p.  m.  water,  245.7  p.  m.  organic  and  9,5  p*  m,  inorganic  snbstances. 

Besidefi  the  already-mentioned  (Chapter  VIII)  relationship  to  the  trans- 
formation of  sngar  in  the  animal  body,  the  pancreas  has  the  property  of 
secreting  a  juice  eapecially  important  in  digestion. 

Pancreatic  Juice,  This  secretion  may  be  obtained  by  adjusting  a  fistula 
in  the  excretory  duct,  according  to  the  methods  suggested  by  Beunakd, 
Li  Dwio,  and  Heidenhain,  and  perfected  by  Pawlow,'  If  the  operation 
ia  performed  with  sutlicient  rapidity  and  under  favorable  conditions  a  power- 
fally  active  secretion  may  be  obtained  either  immediately  after  the  operation 
{tettipoTarij  ihtula)  or  after  some  time  (permanent  fistula). 

In  herbiTora,  such  as  rabbits,  whose  digestion  is  unin terra pted,  the 
secretion  of  the  pancreatic  juice  is  continuous.  In  carnivora  It  seems,  on 
the  contrary,  to  be  intermittent  and  dependent  on  the  digestion.  During 
gtarvation  the  secretion  almost  stops,  but  commences  again  after  partaking 
of  food.  Food  seems  to  act  in  a  twofold  manner.  First,  it  may,  with  the 
more  abundant  tlow  of  blood  during  the  digestion,  which  is  seen  by  the  red 
color  of  the  gland,  convey  a  larger  quantity  of  nutritive  material  to  the 
gland,  and  thereby  canse  the  secretion  of  a  juice  rich  in  solids.  In  another 
way  the  food  may  also,  by  the  irritation  which  it  produces  on  the  mucous 
coat  of  the  stomach  and  the  duodenum,  indirectly  cause  an  increased  secre- 
tion. 

According  to  the  observations  of  Bernstein,  HEiDEKnAix,  and  others, 
the  secretion  increases  rapidly  after  eating,  and  it  reaches  its  maximum  in 
the  course  of  the  first  three  hours.  From  this  time  the  secretion  iliminishes, 
bat  may  again  increase  from  the  5th-7th  hour,  when  generally  large  quan* 
titles  of  food  pass  from  the  stomach  to  the  intestine.  Then  it  again 
decreases  continuously  from  the  9th-lltb  hour,  and  stops  entirely  at  the 
15th-10th  hour. 

The  specific  irritants  for  the  secretion  of  pancreatic  jnice  are,  according 
to  Pawlow  and  his  colaborators,  acids  of  various  kinds,  hydrochloric  acid 
as  well  as  lactic  acid,  and  fats.  Alkalies  and  alkali  carbonates  have  on  the 
contrary  a  retarding  action.  It  seems  as  if  the  acids  act  in  a  retlex 
manner  by  irritating  the  mucosa  of  the  duodenum.  The  water,  which 
causes  a  secretion  of  acid  gastric  juice,  also  becomes  an  irritant  for  the 
pancreatic  secretion,  but  may  also  be  an  independent  exciter.  The  psychical 
moment  may,  at  least  in  the  first  place,  have  an  indirect  action  (secretion 


'  Cftt'd  from  v.  Oorup-Bcuatjez.  Lehrbucb.  4,  Atifl..  S.  782. 

'Bertiaril,  Lemons  de  Ph^^siol,  Ti>nu*  2,  p.  ItJU ,  LucJwig,  aee  Berosteia^  Arbeiteii  lu 
d.  phyBiol.  Anstnll  z\\  Leipzig,  1869;  Hchlenhain,  PflOger's  Arch.,  Bd*  10,  S.  60i  t 
Pawlow,  Die  Arbeit  der  VerdauungBilrQ8€n,  Wiesbaden.  1893. 
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of  acid  gaetric  jnice),  and  the  food  seema  likewise  to  have  an  action  oq 
pancreatic  secretion  by  its  action  on  the  secretion  of  gastric  jaice.  The 
quality  of  the  food  lias,  on  the  contrary,  an  nnmiatakable  influence  on  the 
composition  of  the  juice  and  the  qaantity  of  the  different  enzymes.  Thni 
the  jnice  is  richest  in  diastatic  enzyme  after  bread  diet,  and  richest  in  the 
steotolytic  enzyme  after  milk  food.  When  a  dog  passes  from  a  milk-and- 
bread  diet  to  an  exclusive  meat  diet  the  Juice  becomes  richer  in  proteolytic 
enzyme  and  poorer  in  diaatatic  enzyme.  According  to  Gottlieb  irritating 
bodies,  as  miistard-oil,  cause  an  increased  secretion  of  pancreatic  jaioe. 
According  to  Pawlow  and  ScHiRoiiiKH'  his  experiment  is  not  conclaaiTe 
on  account  of  the  great  intensity  of  the  irritant  used  by  him. 

As  to  the  quantity  of  pancreatic  juice  secreted  in  the  24  hours  authorities 
differ.  According  to  the  determinations  of  Pawlow  and  hig  collaborators, 
KuwscHiNSKi,  Wassiliew  and  Jablonsky/  the  average  quantity  (with 
normally  acting  Juice)  from  a  permanent  fistula  in  dogs  is  21,8  c.c*  per 
kilo  in  the  24  hours. 

The  pancreatic  jnice  of  the  dog  is  a  clear,  colorles?,  and  odorless 
alkaline  fluid  which  when  obtained  from  a  temporary  fistula  is  very  rich  in 
proteids,  sometimes  so  rich  that  it  coagulates  like  the  white  of  the  egg 
on  heating.  Besides  proteids  the  jnice  contains  also  three  long-knawn 
enzymes— one  dia^iatic^  otiB  fai-sphiiing^  and  one  which  dissolves  proteidt, 
The  Jaat-mentioned  has  been  called  in/psiu  by  Kuune.  Besides  thii 
KOhne  and  later  investigators  have  fonnd  a  rennin-like  enzyme  in  the 
ghmd  as  well  as  the  jnice.  Besides  the  above-mentioned  bodies  the 
pancreatic  jnice  habitually  contains  small  quantities  of  leucin,  fai^  and 
soaps.  As  mineral  constituents  it  contains  chiefly  alkali  chlorides  and  con- 
siderable alkali  carbonate,  some  phosphoric  acid,  lime,  magnesia,  and  iron* 

The  older  analyses  of  the  juice  from  a  permanent  fiatnla  by  C.  Schmidt 
are  the  results  of  a  more  or  less  abnormal  juice,  hence  we  shall  give  only  the 
analyses  of  juices  from  temporary  fistulas  on  dogs.*  The  results  aregi^®''^ 
in  parts  per  1000. 

a.  b. 

Water.,... 900,8  884.4 

Solids... -.... , ,,...     99.2  115.6 

Orgaoic  substance 90.4  

Ash 8.8  .,... 

The  mineral  conatUuenta  consisted  chiefly  of  NaCl,  7.4  p.  m. 

Iti  the  paiicrefilic  juice  of  rabbits  11-26  p.  m.  solids  bfive  beea  found,  and  iD 
from  sheep  14  3-5i6.0  p.  m*  In  the  pftncrefitic  juice  of  the  horse  9^15.5  p.  m.  solids 
been  found  ;  in  that  of  the  pigeon,  r2-14  p.  m. 

1  Gottlieb,  Arch,  f,  exp.  Path.  u.  Pharra,.  Bd.  38;  Bchlroktkh,  Arch,  des  scienc. 
blol.  do  St.  Peteisboiirg,  Tome  S.  p.  449, 

'  IbiiL,  Tome  3,  p.  391.  The  older  slate ments  of  Eeferstein  and  Hallwacha,  Bidder 
and  Schmidt,  and  others  may  bd  foutid  In  Ktlhne«  Lehrbucb,  p.  114. 

*  Citeil  from  Maly  in  Hermann's  Hat] dbuch  der  Physiol,  Bd.  B,  ThellS.  B.  189. 
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The  humaB  paQcreatic  juice  bus  been  aoalyzed  bj  Hbrteh*  {a  &  ease  of  stoppage  of 
the  exit  of  tbe  juice  by  tbe  preasum  of  a  cmicer.  Tins  juice,  whicb  could  hnrdly  b*  con- 
sidered as  Dormal,  was  cleat,  alkaline,  Mritboui  odor,  aud  conlaitieil  tbe  tluee  euzymai. 
It  toulained  peplone,  but  no  other  proteid,  Tbe  qunnlity  of  solida  was  24.1  \\,  nu  Of 
tbese  6.-1  p.  ul  were  soluble  in  alcobol.  Ii  contained  11, Ti  p.  m,  peptone  (and  onzymea) 
aud  6.2  p.  m,  mineral  Bubstancea.  Zavvadsky'  bas  analyzed  tbe  paucrealic  juice  of  a 
young  woman  with  a  flstulftt  and  fouud  864.05  p.  ra.  water,  132  51  p.  m.  orgauic  and 
S.44  p.  m.  in  orgauic  substances.     Tbe  quantity  of  proreiu  bodies  was  03.05  p.  m. 

Among  the  constitnenfcs  of  the  pancreatic  jnice,  the  three  enzymes  are 
the  most  iniportaot, 

Amylopain  or  pattcreatic  diaataae,  which,  according  to  Korowin  and 
ZwEiFKL,"  is  not  found  in  new-born  infants  and  doea  not  appear  untU  more 
than  one  month  after  birth,  seems,  althotigh  not  identical  with  ptyalin,  to 
be  nearly  related  to  it*  Amylopsin  acts  very  energetically  upon  boiled 
starch,  and  according  to  Kuhne  '  upon  nnboiled  starch,  especially  at  +  37** 
to  40^  C,  and,  similar  to  the  action  of  saliva,  forms,  besides  dextrin,  chielly 
ifiomaUose  and  maltose,  with  only  very  little  dextrose  (MrscrLUS  and 
V,  Mering,  KClz  and  Vogel*).  The  dextrose  is  probably  formed  by  the 
Action  of  the  invertin  ^  existing  in  the  gknd  and  juice. 

If  the  natural  pancreatic  juice  is  not  to  be  obtained,  then  tbe  gland ^ 
best  afler  it  has  been  exposed  a  certain  time  ('^4  hours)  to  the  air,  may  be 
treated  w^itb  w^ater  or  glycerin.  This  infusion  or  tbe  glycerin  extract 
diluted  with  water  (when  a  glycerin  has  been  used  which  Ims  no  reducing 
action)  may  be  tested  directly  with  starch -paste.  It  is  safer,  however,  to 
first  precipitate  the  enzyme  from  tbe  glycerin  extract  by  alcohol,  and  wash 
with  this  liquid,  dry  the  precipitate  over  sulphuric  acid,  and  extract  with 
water.  The  enzyme  is  dissolved  by  tbe  water.  The  detection  of  sugar 
may  be  done  in  the  same  manner  as  in  the  saliva. 

Steapflin  or  Fat-spUttirg  Enzyme.  Tbe  action  of  the  pancreatic  juice 
on  fats  is  twofold.  Pirat,  the  neutral  fats  are  split  into  fatty  acids  and 
glycerin,  which  is  an  enzymotic  process;  and  secondly,  it  haa  also  the 
property  of  emalaifying  the  fats. 

The  action  of  the  pancreatic  juice  in  splitting  the  fats  may  be  shown  in 
the  following  way:  Shake  olive-oil  with  caustic  soda  and  ether,  siphon  off 
the  ether  and  filter  if  necessary,  then  shake  the  ether  rej)eated ly  with  water 
and  evaporate  at  a  gentle  heat.  In  this  w^ay  we  obtain  a  residue  of  fat  free 
from  fatty  acids  which  is  neutral,  and  which  dissolves  in  acid -free  alcohol 
and  is  not  colored  red  by  alkanet  tincture.  If  such  fat  is  mixed  with 
perfectly  fresh  alkaline  pancreatic  juice  or  with  a  freshly  prepared  infusion 
of  the  fresh  gland  and  treated  with  a  little  alkali  or  with  a  faintly  alkaline 
glycerin  extract  of  the  fresh  gland  (0  parts  glycerin  and  1  part  1:^  soda 

»  Herler.  Zeitacbr.  f.  pbysloL  Gbem,»  Bil.  4;  Zawadsky.  Centralbl.  f.  Pbysiob,  Bd. 
5,  S-  179. 

*  Korowin,  Maly's  Jahresber.«  Bd,  3;  Zweifel;  foot-nole  5.  page  253, 
»  Lebrbuch,  6,  117. 

*  See  foot-note  4»  page  253. 
»  See  Tebb,  Joumal  of  PbysIoL,  Vol.  15,  and  Abeloua,  C*  R  Soc.  de  biol..  1891. 


DIGESTION, 


aolution  for  each  gramme  of  the  gland )»  and  some  litmoa  tinctnre  added 
aod  the  miitare  waraied  to  +  S?*"  C,  the  alkaline  reaction  will  gradually 
disappear  and  an  acid  one  take  its  place.  This  acid  reaction  depends  upon 
the  conversion  of  the  central  fats  by  the  enzyme  into  glycerin  and  free  fatty 
acids. 

The  flplittiiig  of  the  nentral  fata  may  also  be  shown  more  exactly  hj  th© 
following  method:  The  mixture  of  nentral  fats  (absolntely  free  from  fatty 
acids)  and  pancreatic  jnic©  or  pancreas  infnsion  is  digested  at  the  tempera- 
tnre  of  the  body  and  treated  with  some  soda  and  repeatedly  shaken  with 
fresh  quantities  of  etlier  until  all  the  nnsplit  nentral  fats  are  I'emoved. 
Then  it  is  made  acid  with  snlphnric  acid,  after  which  shake  the  acid  liqnid 
with  ether,  evaporate  the  ether,  and  test  the  residue  for  fatty  acids. 

Another  simple  process  for  tlie  demonstration  of  the  fat-splitting  action 
of  the  pancreas-glands  is  the  following  (Cl.  Bernard):  A  small  portion  of 
the  perfectly  fresh,  finely  divided  gland  snbstance  i&  lirst  soaked  in  alcohol 
(of  90^),  Then  the  alcohol  is  removed  as  far  as  possible  by  pressing 
between  blotting-paper,  after  which  the  pieces  of  gland  are  covered  with  an 
ethereal  solution  of  neutral  butter-fat  (which  may  he  obtained  by  shaking 
milk  with  caustic  soda  and  ether).  After  the  evaporation  of  the  ether  the 
pieces  of  gland  covered  with  buUer-fat  are  pressed  between  two  watch- 
glasses  and  then  gently  heated  to  "dV  to  40"^  C.  iu  this  position.  After  a 
certain  time  a  marked  odor  of  butyric  acid  appears. 

The  action  of  the  pancreatic  juice  in  splitting  fats  is  a  process  analogous 
to  that  of  saponification,  the  neutral  fats  being  decomposed,  by  the  addition 
of  the  elements  of  water ^  into  fatty  acids  and  glycerin  according  to 
the  following  formula:  C,H^.O,.lt,  (neutral  fat)  +  ;3H,0  -  C,n,.0,*H, 
(glycerin)  +  3(H.0.R)  (fatty  acid).  This  depends  upon  a  hydrolytic 
splitting,  which  was  first  positively  proved  by  Bernard  and  Berth elot.' 
The  pancreas-enzyme  also  decomposes  other  esters  just  as  it  does  tlie  neutral 
fats  (Nencki,  Baas').  The  pancreas-enzyme  which  decomposes  fats  has 
been  less  studied  than  the  other  pancrefis-euzymes,  and  it  has  indeed  beeii 
questioned  whether  or  not  the  decomposition  of  the  neutral  fats 'in  the 
intestine  may  not  be  effected  through  lower  organisms.  According  to  the 
investigations  of  Nencki  it  seems  tliat  the  pancreas  actually  contains  an 
enzyme  which  decomposes  fata.  This  enzyme,  which  is  still  little  known, 
appears  to  be  very  sensitive  to  acids,  and  it  is  often  absent  in  acid  glands 
not  perfectly  fresh*  If  a  watery  infusion  of  the  gland  prepared  cold  be 
tniat^d  with  calcined  magnesia,  then  the  enzyme  iu  question  will,  according 
to  Dakilewski,*  he  retained  by  the  magnesia  precipitate. 

Tbe  fiitty  acids  which  are  split  ot!  by  the  action  of  the  pancreatic  juice 
feombine  in  the  intestine  with  the  alkalies,  forming  soaps  which  have  a 

1  Bcnmrih  Aoa.  do  chira.  et  physique  (3  ser.),  Tome  S5 ;  Bcrthelot,  Jalirt-sb^r.  d. 
Chem*.  1*555,  8.  738, 

*  Neocki,  Arch.  L  ejtp.  Path*  u.  Pharni.,  Bd.  20 ;  Baas,  Zeltwhr.  f,  phyiloh  Chem.* 
B<L  U.  S.  416. 

*  Vircbow'fi  Areh.,  Bd.  35. 


Tjivpsm. 


287 


Btrong  emnkifying  action  on  the  fata,  and  thnsthe  pEncreatic  Juice  becomea 
of  great  importance  in  the  emiilsificatiou  and  the  absorption  of  the  fata. 

In  digestion  experiments  with  the  pancreas-gland  or  the  watery  extract 
of  the  same,  Kluci  '■  has  observed  a  tleTelopment  of  gases,  carbon  dioxide  and 
also  hydrogen,  which  were  not  prod  need  by  putrefaction  and  which  he  con^ 
eiders  are  produced  by  an  en  zymotic  cleavage  of  tlio  fata. 

Trypsin,  The  action  of  the  pancreatic  juice  in  digesting  proteids  was 
first  observed  by  Bernard^  but  first  proved  by  Corvisart.'  It  depends 
upon  a  special  enzyme  called  by  Kuhxe  trypsin.  Strictly  speaking,  this 
enzyme  does  not  occnr  in  the  gland  itself.  In  the  glaml,  more  proiiably,  a 
zymogen  occurs  from  w^hich  the  enzyme  ia  split  off  or  formed  during  secre- 
tion, also  by  the  action  of  water,  acids,  alcohol,  and  other  substances- 
According  to  Albertoxi/  this  zymogen  is  found  in  the  gland  in  the  hiat 
third  of  the  intra-uterine  life.  Enzymes  similar  to  trypsin  occur  also  in  the 
plant  kingdom. 

The  purest  trypsin  thus  far  prepared,  isolated  by  KChne/  is  eoluble  in 
water,  but  insoluble  in  alcohol  or  glycerin.  The  lesa  pure  enzyme,  on  the 
contrary,  is  soluble  in  glycerin.  If  the  solution  of  the  enzyme  in  water  ia 
heated  to  the  boiting-point  with  the  addition  of  a  little  acid,  it  decomposea 
into  coagulated  proteid  and  peptone  (Kuiixe).  According  to  the  investi- 
gations of  BiERNArKi  *  pure  try|>sin  in  0.25-0. 5^^  soda  solution  ia  destroyed 
in  5  minutes  by  heating  to  50"*  C.  It  ia  destroyed  by  heating  ita  neutral 
eolation  to  45°  €.  The  presence  of  albumosea  or  certain  ammonium  salta 
in  alkaline  trypsin  solutions  has  a  protective  action  to  a  certain  extent. 
Trypsin  ia  destroyed  by  gastric  juice.  Like  other  enzymes,  trypsin  ia 
characterized  by  ita  physiological  action.  This  action  oonaiata  in  dissolving 
proteids  and  especially  fibrin  in  alkaline,  neutral,  or  even  faintly  acid  boIq- 
tions  with  readiness. 

The* preparation  of  pure  trypsin  has  been  tried  by  various  experimenters. 
The  purest  seems  to  have  been  prepared  according  to  the  rather  complicated 
method  of  Kuhne.'  In  studying  the  action  of  trypsin  a  less  pure  prepara- 
tion may  often  answer,  and  various  methods  of  preparing  such  have  been 
proposed,  but  we  cannot  describe  all  of  them.  For  the  production  of  a 
glycerin  extract  (Heidexhain ')  the  gland  should  be  rubbed  with  glass 
powder  or  pure  quartz-sand,  this  mass  carefully  mixed  with  acetic  acid  of 
1^  (1  c.c.  to  each  grm,  of  gland),  then  for  each  part  of  the  gland-masa  add 


^  PflUger'a  Arch.,  Bd.  70. 

•  Gaz.  bebdomadaire,  1857,  Not.  15,  16,  19»     Cited  from  Bunge,  Lchrbucb,  C  Aufi««. 
B.  135. 

•  See  Maly's  Jabresber.,  Bd.  8,  S.  254. 

•  Verb.  d.  naturh.-med.  Vereins  zii  Heidelberg  (N.  F.),  Bd.  1,  Ileft  8. 

•  Zeitschr,  f.  Biologic,  Bil,  28. 

•  Verb.  d.  naturh.-med-  Vereloa  zn  Heidelberg  (N.  F.),  Bd.  1,  Heft  8. 
^  PtlUger'a  Arch.,  Bd.  10. 
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^0  parts  of  glycerin,  and  filter  after  about  three  days.  By  precipitating  the 
glycerin  extract  with  alcohol  and  redisaolviog  the  precipitate  in  water,  we 
obtain  a  solution  which  has  a  fvowerful  digestive  action.  A  watery  infusioo 
of  the  gland  may  be  made  only  after  it  has  been  exposed  to  the  air  for  24 
honrs,  and  5-10  parts  of  water  for  each  part  by  weight  of  the  gland  should 
be  used.  According  to  Kliine^  the  impure  trypsin  is  allowed  to  undergo 
antotligestion  in  a  0.2^  soda  solution  and  in  the  presence  of  thymol.  After 
the  conversion  of  the  albnmoses  into  peptones  tlie  trypsin  may  be  precipi- 
tated by  ammonium  sulphate.  An  active  but  impure  infusion  may  be 
obtained  by  tligeating  the  finely  divided  gland  for  a  few  days  with  witer 
containing  5-10  c.c.  chloroform  per  liter  (Salkowski). 

The  action  of  trypsin  on  proteids  is  best  demonstrated  by  the  use  oi 
fibrin.  Very  considerable  quantities  of  this  albuminous  body  are  dissohed 
by  a  small  amount  of  trypsin  at  37-4:0*^  C.  It  is  always  necessary  to  make 
a  control  test  with  librin  alone,  with  or  without  the  addition  of  tdkalL 
Pibrio  is  dissolved  by  trypsin  without  any  putrefaction;  the  liquid  haa  a 
pleasant  odor  somewhat  like  bouillon.  To  completely  exclude  p a tref action 
a  little  thymol,  chloroform,  or  ether  should  be  added  to  the  liquid,  Trypeia 
digestion  differs  essentially  from  pepsin  digestion  in  that  the  first  takes 
place  in  neutral  or  alkaline  reaction  and  not,  as  is  necessary  for  pepeiB 
digestion,  in  an  acidity  of  1-2  p.  m.  HCl,  and  forther  by  the  fact  that  \k 
proteids  dissolve  in  trypsin  digestion  without  previously  swelling  up. 

As  trypsin  not  only  dissolves  proteids  bnt  also  other  protein  substances, 
ench  as  gelatin,  this  body  may  be  naed  in  detecting  trypsin.  The  liquefac- 
tion of  a  strongly  disinfected  gelatin  is,  according  to  Fermi,'  a  very  delicate 
reagent  for  trypsin  or  tryptic  enzyme, 

Miiny  circumstances  exert  a  marked  influence  on  the  rapidity  of  th 
trppsiJi  dif/estion.     With  an  increase  in  the  qumititif  of  enzyme  present  tlie 
digestion  is  hastened  at  least  to  a  certain  point,  and  the  same  is  aUo  trae  of 
an  increase  in  temperature  at  least  to  abont  +  40°  C,  at  which  temperaturt 
the  proteid  is  very  rapidly  dissolved  by  the  trypsin.     The  reactio7i  is  also  of 
the  greatest  importance.     Trypsin  acts  energetically  in  neutral,  or  atill 
better  in  alkaline,  solutions,  and  best  in  an  alkalinity  of  3-4  p.  m.  Ka,CO,. 
Free  mineral  iicids,  even  in  very  small  quantities,  completely  prevent  the 
digestion.     If  the  acid  is  not  actually  free,  but  combined  with  albuminous 
bodies,  then  the  digestion  may  take  place  quickly  when  the  acid  combina- 
tion is  not  in  too  great  excess  (Chittekden  and  Cummins').     Organic 
acids  act  less  djBtnrbingly,  and  in  the  presence  of  0.2  p.  m.  lactic  acid  and 
the  simultaneous  presence  of  bile  and  common  salt  the  digestion  may  indeed 
proceed  more  quickly  than  in  a  faintly  alkaline  liqoid  (Lindbeeger).    Th« 


I  Centmlbl,  f.  il  nmt  Wlssenach..  1886,  S.  629. 

*  Arch.  f.  Hygiene,  Bd.  12. 

*  Stuiliea  from  the  PUysiol.  Cbem.  Laboratory  of  Yale  College,  New  Havea,  188fif ' 
Vol.  1,  p.  lOD. 
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^tement  of  Rachforu  and  Soutiigate  that  the  bile  can  preTent  the 
jariotis  action  of  the  liydrochloric  acid,  and  that  a  mixture  of  pancreatio 
Jiiice,  bile,  and  hydrochloric  acid  digests  better  than  any  otlier  mixtare  of 
increatic  jciice,  could  not  be  substantiated  by  CniiTENDEN  and  Albro.* 
irbon  dioxide,  according  to  Schierbeck,*  has  a  retarding  action  !n  acid 
Intions,  but  it  accelerates  the  tryptic  digestion  iu  faintly  alkaline  liquids. 
\^reign  bodies^  such  as  borax  and  potaBaium  cyanide,  may  promote  tryptic 
gedtion^  while  other  bodies,  such  as  salfcs  of  mercury,  iron,  and  others 
jniTTEXDEX  and  Cummiks),  or  salicylic  acid  in  large  quantttioe,  may  have 
preventive  action.  The  nature  of  the  proteids  h  also  of  importance* 
Unboiled  fibrin  is,  relatively  to  most  other  albuminous  bodiea,  dissolved  bo 
rerj^  quickly  that  the  digestion  test  with  raw  fibrin  gives  an  incorrect  idea 
j(f  the  power  of  trypsin  to  dissolve  coagulated  nlbuminoua  bodies  in  general, 
Kn  accumulation  of  products  of  digestimi  tenda  to  hinder  the  trypsin 
digestion, 

77ie  Products  of  the  Trypsin  Digestion.     In  the  digestion  of  unboiled 
■brin  a  globulin  which  coagulates  nt  +  55-60'*  C.  may  be  ohtaiued  as  an 
intermediate  product  (IXkrrmann*).     Moreover  from  fibrin,   as   well  aa 
from   other  albuminous  bodies,  emanate  albumoses  and  pepfo)u\  lenciti^ 
iyrosin^  and  aspariic  acid,  &\iit\B  lysin,  li/stttiniti  (Hedik),  argittiif  juid 
^istidtN  (Kltscheh*),  and  ammoftia  (HiRScnLER'),  and  also  the  so-culleJ 
U^otcinchromogen  or  tryptophan^     When  putrefaction  has  not  been  entirely 
Brevented  nomerons  other  bodies  appear  which  will  be  spoken  of  later  in 
connection  with  the  putrefaction  process  going  on  in  the  intestine.     In  the 
^ypsin  digestion,  in  contrast  to  the  pepsin  digestion,  pure  peptones,  not 
ferecipitated   by   ammonium    sulphate,    are    relatively   easily  and   quickly 
formed.     The   peptone,    according   to  Kuhne,  consists  entirely  of  anti- 
peptone,  and  the  above-mentioned  decomposition  products,  lencin  and  the 
others,  are  formed  by  the  decomposition  of  the  hemipeptone  (see  Chapter 

I"- 

™  Protelufihromogoii*  or  trvptopluui ''  is  a  cleavage  product  appeiirin^  in  llie  tryptic 
digestion  of  albuDiiiious  bodies  and  whicli  giving  a  reddish- violet  produrt,  so-cntled  pro- 
teinclirom,  witli  cbloriaeor  bromine.  According  to  Nencki  at  least  two  diU'ereiH  bodies 
wiiii  utieciual  timouuts  of  bromine  iire  oblniDcd  on  addio^  bromioe.  Orsc  of  these  seema 
lo  stand  in  close  connection  lo  haematoporpliyrlii,  or  bilirubin,  and  Uie  other  to  the 
animal  melaninfl.     In  the  digestbn  uiixturt'i  freed  from  albumoses  by  ammonium  sul- 


*  Lindberger,  Maly'a  Jahreaber.,  Bd.  13;  Rachford  and  Southgale,  Medical  Record, 

fo;  Cbitleuden  and  Albro.  Amer.  Jouro.  of  Physiol.,  Vol  1,  18»8. 
»  Skan.  Arch.  f.  Physiol..  Bd,  3. 
•Zeitschr.  f.  phyaiol  Chem.»  Bd.  11. 

«  Hedio,  see  Drecbacl.  "  Abbau  der  ElweissstofEe  lu  Du  Bols-Eeymond'a  Arch.,  1801; 
Kulftcher,  Zeitschr,  f.  phyaiol.  Chem.,  Bd.  25, 
^Ibid.,  Bd.  10,  S.  303. 

•  Stadelmann,  Zellachr.  f  Biologie,  Bd  26. 
'  Neumeister,  md,,  Bd.  26,  S.  339.  "  " 
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pbate,  KuRAJKPF*  has  delected  at  leaat  three  proteincbroma,  one  a  bluish -violet  bodr 
iviik  at  leoBt  85;S  liTomine,  another  red  wiili  21%  lnoniine,  aott  tliifdiy  a  brown  or  bfacfc 
body.  By  the  action  of  cbloriue  BKiTLEit'  <»bitiintHl  a  red  product,  cbloroproteiticljrum. 
wbicb  corresponds  Uj  the  formula  CtfiUnaClaNsjOuS.  This  product  is,  like  proitb. 
cbromopeOt  readily  decomposed.  The  protein  cbromogen  diffuseii  througb  meat  bran  tn 
and  is  precipiiatecf  by  phosplio-tungslic  acid,  but  not  by  meianic  aall^. 

The  aetion  of  tnjpsin  on  other  bodies  has  tiot  been  thoroughly  studied* 
An  enzyme  has  b««n  fotind  in  the  paocreaBof  the  pig  and  certain  herbivoii, 
which  is  not  identical  with  trypsin  and  which  causes  the  coagulation  of 
neutral  or  alkaline  milk  (KOiine  and  Roberts)- 

According  to  Ualliburton  and  Buodie*  casein  is  transformed  by  tbe 
pancreatic  juice  of  the  dog  into  **  pancreatic  casein,"  a  stibatance  which  in 
regard  to  solubility  stands  between  casein  and  paracasein  (see  Chapter  XIX) 
and  which  is  converted  into  this  last  substance  by  rennin.  The  nmleim 
and  pseii do- nuclei ns  are  dissolved  by  the  alkaline  pancreatic  juice  aod  at 
least  in  part  further  digested.  Gelatifi  is  dissolved  by  the  pancreatic  j nice 
and  is  converted  into  gelatin-peptone.  According  to  Kuhne  and  Ewali>* 
neither  glycocoll  nor  leucin  is  formed.  The  gelatin-forming  suhsfatmd 
the  connective  tissues  is  not  directly  dissolved  by  trypsin,  bnt  only  after  it 
has  been  treated  with  acids  or  soaked  in  water  at  -h  '*^'^  t).  By  the  action 
of  trypsin  on  hyalin  cartilage  the  cells  dissolve,  leaving  the  nucleus.  The 
basis  is  softened  and  shows  an  indistinctly  constructed  network  of  collagen- 
ous substance  (Kuhne  and  Ewald).  The  eladic  mbstance,  the  stru^'- 
tureless  membrane^  and  the  membrane  of  the  fat-cells  are  also  disfiohed* 
Parenchgmatotis  organs^  such  as  the  liver  and  the  musclea,  are  dissolved  all 
but  the  nucleus,  connective  tissue,  fat-corpuscles,  and  the  remainder  of  the 
nervous  tissue.  If  the  muscles  are  boiled,  then  the  connective  tissue  is  al8t» 
dissolved.  Mitcin  and  certain  nncleins  are  dissolved  and  split  by  trypsifl 
solutions.  Oxghwmoglobin  m  deconipoeed  by  trypsin  with  the  splitting  off 
of  hf^matin,  Hf^moghhin^  on  the  contrary,  when  the  access  of  oxygen  i* 
completely  prevented,  is  not  decomposed  by  trypsin  (IIoppe-Seyler')* 
Trypsin  does  not  act  on  fats  or  carbohydrates. 

It  has  already  been  bronght  ont   above    that   trypsin  does  not  exist 
ready  formed  in  the  gland,  but  more  Ukely,  as  IIeideniiain  has  shown,  the  .^ 
gland  contains  a   corresponding   zymogen.      The    maxima m    quantity  offl 
such  zymogen  in  the  gland  occurs  14-lij-18  hours  after  a  full  meal,  fiwi 
the   minimum    C-10   hours  after.      This   zymogen    is    not   converted  by 
glycerin  into  trypsin,  bnt  is  easily  changed  by  water  and  acids.     A  eoda 

'  Zdl&(;br,  f,  physioL  Chem.,  Bd.  25  ■ 

'  Nencki,  Ber.  d.  deulsch,  cbem.  GesellBch..  Bd.  2^  ;  Beitler,  HHd,,  Bd.  31, 
'  Kuhne  and  liobeits,  Maly's  Jahieaber.  Bd.  9,  S,  224  ;  also  Siduey  Edkms,  Jourual 
f)f  Physiology,  Vfil.  12,  which  coulaius  all  the  literature.    Halliburton  and  BrodJe*  iM*^ 
Vol.  20.  _ 

*  Verb.  d.  naturli.-ined.  Vereins  zu  Heidelberg  {N,  F.),  Bd.  1. 
»  PbyaioL  Chtm.,  S,  307, 
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Bolntion  of  1-1.5?^,  on  the  contrary,  preTenta  almoBt  entirely  the  conversion 
of  the  zymogen.  If  we  allow  the  gland  to  lie  in  the  air  it  gradually 
becomes  acid,  and  this  leads  to  the  formation  of  an  enzyme  in  which  the 
oxygen  seems  to  be  active,  as  is  nsnal  in  the  conversion  of  the  zymogen 
into  trypsin.  It  is  very  probable  also  that  the  two  other  enzymes  are 
formed  from  corresponding  zymogens,  and  this  has  been  shown  by  Liver- 
si  doe  *  to  be  plausible  in  the  ca^e  of  the  diastatic  enzyme. 


V.  The  Clieiiiical   Processes  in  the   Intestine. 


r 

■  The  action  w^hich  belongs  to  each  digestive  secretion  may  be  essentially 

■  changed  by  mixing  with  other  digestive  fluids;   and  since  the  digestive 

■  flaids  which  flow  into  the  intestine  are  mixed  with  still  another  fluid,  the 
^Hbile,  it  will  be  readily  understood  that  the  combined  action  of  all  these 
^fluids  in  the  intestine  makes  the  chemical  processes  going  on  therein  very 

complicated, 

I  As  the  acid  of  the  gastric  joice  acts  destructively  on  ptyalin,  this  enzyme 
has  no  further  diastatic  action,  even  after  the  acid  of  the  gastric  juice  has 
been  neutralized  in  the  intestine.  The  bile  has,  at  least  In  certain  animals, 
a  faint  diastatic  action  which  in  itself  can  hardly  be  of  any  great  impor- 

Itance,  but  which  shows  that  the  bile  has  not  a  preventive  but  rather  a 
beneficial  influence  on  the  energetic  diastatic  itction  of  the  pancreatic  juice. 
Mahtik  and  Willuams*  have  observed  a  beneficial  action  of  the  bile  on 
•the  diastatic  action  of  the  pacreas  infusion.  To  this  may  be  added  that  the 
organized  ferments  which  occor  habitually  in  the  intestine  and  eometimea 
in  the  food  have  partly  a  ditistatic  action  and  partly  produce  a  lactic-acid  and 
butyric-acid  fermentation.  The  maltose  which  is  formed  from  the  starch 
seems  to  be  converted  into  glucose  in  the  intestine.  Cane-sngar  is  inverted 
Kin  the  intestine,  and,  at  least  in  certain  animals,  also  lactose/  Cellulose, 
"especially  the  finer  and  more  tender  kind,  is  undoubtedly  partly  dissolved 
in  the  intestiue;  the  products  thus  formed  are  not  very  well  known.  It  has 
been  shown  by  Tapi'EINer  that  cellulose  may  undergo  fermentation,  caused 
by  the  action  of  micro-organisms  with  the  production  of  marsh-gas,  acetic 
acid,  and  butyric  acid;  still  we  do  not  know  to  what  extent  the  cellulose  m 
destroyed  in  this  way.* 

The  bile,  especially  dog-bile,  has,  according  to  Mooke  and  Eookwood/ 


«  Jouni.  of  Pbysk>l..  Vol.  8. 

*  Ptoceedltjgs  of  iliu  Ruy.  8oc.,  Vols.  45  and  4^» 

*  See  Utenitnre  footuole  3,  pngc*  280,  and  footnole  1,  page  281. 

*  On  the  (ligestioD  of  cellulose  see  Heimebtrg  nod  Stohmttnu,  ZeilBclir.  f,  Biolopie, 
[B»L  21.  S,  CIS  ;  v  Knieriem,  ibid.,  S.  67  ;  Hofnieialer,  Arcli.  f.  wiss.  u.  pmkL  TbiiT^ 
'  lieilkuude.  Bd.  11  ;  Weiske,  Zeitschr.  f.  Biologic,  Bd.  22,  8.  ?i78  ;  Tappeiuei,  ibid.,  Bdd. 

fftod  24  ;  aad  Mullevre,  PtiUger^B  Arcli  ,  Bd.  4D. 

*  ProceediDga  of  Roy,  Soc,  Vol.  60,  and  Joorti.  of  Pliyaiol.,  Vol.  %!, 
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tlie  property  of  diBBolring  fatty  acids  to  a  rather  high  degree  and  heooeit 
oia  perhaps  accelerate  the  absorptioD  of  fafcty  acids  split  off  by  the  pan- 
creatic juice*  It  is,  however,  withoat  doabt  of  greater  importance  that  the 
bile,  as  Nencki  and  Racufohd'  have  ahowQj  facilitates  tlie  fat-splitting 
action  of  the  pancreatic  juice.  The  fatty  acids  combine  with  the  alkafe 
of  the  intestinal  and  pancreatic  joicea,  producing  soaps  which  are  partly 
absorbed  as  Buch  and  partly  exercise  a  powerf  al  action  on  the  absorption  of 
the  fatd. 

If  to  a  soda  solation  of  abont  1-3  p.  m.  Na,CO,  we  add  pure,  perfectly 
nentnil  olive-oil  in  not  too  large  c|uantity,  we  obtain,  after  .vigorous  shaking, 
a  transient  eomkion.     If,  on  the  contrary,  we  add  to  the  same  qnantity  of 
fioda  solution  an  equal  amount  of  commercial  olive-oil  (which  always  con- 
tains free  fatty  acids),  we  need  only  turn  the  vessel  over  for  the  two  liquids 
to  mix  and  immediately  we  have  a  very  finely  divided  and  permanen^t* 
emulsion  making  the  liquid  appear  like  milk.     The  free  fatty  acids  of  tU^ 
always  somewhat  rancid  commercial  oil  combine  with  the  alkali  to  forP* 
soaps  which   act   to   eoiulsify  the  fats  (BeDcke,  Gad,   Loewentha.l*  ^* 
This  emulsifying  action  of  the  fatty  acids  split  off  by  the  pancreatic  juice     ^ 
nndoubtedly  assisted  by  the  habitual  occurrence  of  free  fatty  acids  in  tt^^^* 
food,  and  also  by  the  splitting  off  of  fatty  acids  from  the  neutral  fats  by  tL-^** 
putrefaction  in  the  intestine*     These  fatty  acids  must  combine  with  th^^*  ^ 
alkalies  in  the  intestine  and  form  soaps,  fl 

As  the  greater  part  of  the  absorbed  fat  is  again  found  in  the  chyle  as  ai^     - 
emulsion  we  generally  consider  the  formation  of  an  emulsion  by  the  aid  ot- 
the  soaps  as  of  great  importance  in  the  absorption  of  fats.     The  correctnes^^^^ 
of  this  view,  and  questions   in   regard  to  the  absorption  of  fats,  will  be^^^ 
discussed  later  in  connection  with  absorption.     It  is  sufficient  to  state  here  ' 
that,  according  to  the  nnanimoua  experience,  the  united  action  of  the  bile 
and  pancreatic  juice  favor  the  absorption  of  fats. 

Bile  completely  prevents  pepsin  digestion  in  artificial  digestion,  because 
it  retards  the  swelling  up  of  the  proteids.  The  passage  of  bile  into  the 
stomach  during  digestion,  on  the  contrary,  seems  according  to  several  inves- 
tigators, especially  Oddi  and  Dastre,'  to  have  no  retarding  action  on 
stomachic  digestion.  Bile  has  no  solvent  action  on  proteids  in  neutral  or 
alkaline  reaction,  but  still  it  may  have  an  influence  on  proteid  digestion  in 
the  intestine.  The  acid  contents  of  the  stomach,  containing  an  abundance 
of  proteids,  give  with  the  bile  a  precipitate  of  proteids  and  bile-acids.     This 


»  Neorlcl,  Arch.  f.  exp.  Path.  u.  Pharm..  Bd.  20;  Rachford.  Journal  of  Physiol., 
Vol.  12. 

'  Brllcke.  Wieti,  Sitziifigst>er.,  Bd.  61,  Ablli.  2  ;  Gad,  Du  Bois-R^ymoiid's  Arch,, 
1878:  T.oeweDthftl.  ibid,,  1897> 

«  Oddl  R*^f.  in  CeolralbL  t  Physiol.,  Bd.  I,  8,  313;  l)a«tre,  Arcb.  de  Pbytiol  (5), 
Tome  2,  p.  316. 
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^'^cipitate  carries  a  part  of  tlie  pepsia  witli  it,  arid  for  this  reason,  and  also 

^^^  account  of  the  partial  or  complete  neutralization  of  the  acid  of  the 

^^^ric  juice  by  the  alkali  of  the  bile  and  tlie  pancreatic  jiuce,  the  pepsin 

*^^^estion  cannot  proceed  further  in  the  iiiteetine.     On  the  contrary,  tlio 

t)i7e   does  not  distnrb  the  digeetioii  of  proteids  by  the  pancreatic  juice  in  tliu 

^^tes-^ine.     The  action  of  these  digestive  secretions,  as  above  stated,  is  nob 

<"dtc-^tb€d  hy  the  bile,  especially  not  by  the  faintly  acid  reaction  due  to 

OPg^^^-jjjj  acids  which  are  habitually  foand  in  the  upper  parts  of  the  intestine. 

in  ^     ^^jg  w\\^  while  digestion  is  going  on,  the  faintly  acid,  bile*containing 

^^^•^rial   of   the   intestine   shows   regularly  a  strong  digestive   action   on 

"T'he  precipitate  formed  on  the  meeting  ol  the  acid  contents  of  the 

*^^*Xia€h  with  the  bile  easily  redisaolves  in  an  excess  of  bile  and  also  in  the 

^^^Z'l  formed  in  the  neutralization  of  the  hydrochloric  acid  of  the  gastric 

I'^^^e.     This  may  take  place  even  under  faintly  acid  reaction.     Since  in 

'^^►ti  the  excretory  ducts  of  the  bile  and  the  pancreatic  juice  open  near  one 

^^^other,  in  consequence  of  which  the  acid  contents  of  the  stomach  are 

^^obably  immediately  in  great  part  neutralized  by  the  bile  as  soon  as  it 

inters,  it  is  doubtful  whether  a  precipitation  of  proteids  by  the  bile  occnrs 

^  the  intestine. 

Besides  the  previously  mentioned  processes  caused  by  euzymee,  there 
are  others  of  a  different  nature  going  on  in  the  intestine,  namely,  the 
fermentation  and  putrefactiou  processes  caused  hy  nncro-orgaoisme.  These 
are  less  intense  in  the  upper  parts  of  the  intestine,  but  increase  in  intensity 
towards  the  low^er  part  of  the  same,  and  decrease  in  the  large  intestine 
because  of  the  absorption  of  water.  Fermentation  bnt  not  putrefaction 
processes  occur  in  the  small  intestine  as  long  as  the  contents  are  strongly 
acid,  Macfadten,  M.  Nencki,  and  N.  Sieoer'  have  investigated  a  case 
of  hanian  anus  praeternaturalis,  in  which  the  fistula  occurred  at  the  lower 

I  end  of  the  ileum,  and  they  were  able  to  investigate  the  contents  of  the 
intestine  after  it  had  been  exposed  to  the  action  of  tlie  oiiicous  membrane 
of  the  entire  small  intestine.  The  mass  was  yellow  or  yellowieh  brown,  due 
to  bilirubin,  had  an  acid  reaction  which,  calculated  as  acetic  acid,  amounted 
to  1  p.  m.  The  contents  were  nearly  odorless,  having  an  empyreunmtic  odor 
recalliog  that  of  volatile  fatty  acids,  and  only  seldom  had  a  putrid  odor 
recalling  that  of  indoL  The  essential  acid  present  was  acetic  acid,  accom- 
panied with  fermentation  lactic  acid  and  paralactic  acid,  volatile  fatty  acids, 
succinic  acid,  and  bile-acids.  Coagulable  proteida,  peptone,  mucin,  dextrin, 
dextrose,  and  alcohol  were  present.  Leucin  and  ty rosin  could  not  be 
detected. 


^-ch,  f,  exp.  Pttlb,  u.  Pbarm.,  Bd.  28. 
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a  yery  alight  extent,  if  at  all,  decomposed  bj  the  microbes  in  the 
inteBtine  of  man*  The  microbea  present  iu  the  email  intestloe  preferablj 
decompose  the  carbohydrates,  forming  ethyl  alcohol  and  the  abore-meD- 
tioned  orgaoic  acids.  Free  hydrochloric  acid  does  not  occnr  in  the  email 
inteBtine,  and  it  is  the  organic  acida  that  prevent  the  putrefaction  of  the 
proteids  in  the  intestine. 

Further  inveatigations  of  Jakowsky  '  lead  to  the  same  insult,  namelj, 
that  in  man  tlie  putrefaction  of  the  proteids  does  not  take  place  in  the  small 
bnt  in  the  large  intestine.  This  putrefaction  of  the  proteids  is  not  tbij 
game  as  the  pancreatic  digestion,  and  these  two  processes  are  essentialljj 
different  because  of  the  prodncts  they  yield.  In  the  pancreatic  digeitioii 
of  proteids  there  are  formed,  as  far  as  we  know  at  present,  beaidea  albaino< 
and  peptones,  baaea,  protein  chromogen,  amido*acids,  and  ammonia, 
the  putrefaction  of  the  proteids  we  have,  indeed,  the  same  prodncts  formed] 
at  the  beginning,  but  the  decomposition  proceeds  considerably  furthers 
u  number  of  products  are  developed  which  have  become  known  throngb  ih 
liibors  of  numerous  inTestigators,  Kencki,  Baumaxx,  Brieoer,  H.  aol 
E.  Salkowski,  and  their  pupils.  The  products  which  are  formed  in  ibil 
putrefaction  of  proteids  are  (in  addition  to  albumosesy  peptones^  amithacidi^^ 
and  ajumonia)  indole  skalol^  puracreml,  phenol^  phenyUpropimiic  acid^  »a 
phenyl-ac^t k  arid,  also  pnraoxyphenifl-nteiic  acid  and  hijdroparacumark  acti 
(besides  paracresol,  produced  in  the  putrefaction  of  tyrosin),  volatih  fat(^ 
acids,  carbon  dioxide ^  hydrogen^  jnarsh-t/aSy  melhylmervapfan^  and  sulpkn* 
reiled  hydrogen.  In  the  putrefaction  of  gelatin  neither  tyrosin  nor  indolia 
formed,  while  glycocoU  is  produced. 

Among  these  products  of  decomposition  a  few  are  of  special  interest 
because  of  their  behavior  within  the  organism  and  because  after  theif 
absorption  they  pass  into  the  urine.  A  few,  aoch  as  the  oxyacids,  paai 
unchanged  into  the  urine.  Others,  anch  as  phenols,  are  directly  traaa- 
formed  into  ethereal  sulphuric  acids  bj  syntlieaiB,  and  are  eliminated  as  sncb 
by  the  urine;  on  the  contrary,  others,  such  as  indol  and  skatol,  are  only 
converted  into  ethereal  eulphoric  acids  after  oxidation  (for  details  see 
Chapter  XV).  The  quantity  of  these  bodies  in  the  urine  varies  also  with 
the  extent  of  the  putrefactive  processes  in  the  intestine;  at  least  this  is  trat 
for  the  ethereal  sulphuric  acida.  Their  quantity  increases  in  the  urine  with 
a  stronger  putrefaction,  and  the  reverse  takea  place,  as  BAUSiAifx*  hai 
shown  by  experimente  on  dogs,  when  the  inteatine  has  been  disiuiected  by 
calomel,  namely,  they  then  disappear  from  the  urine. 

Among  the  above-mentioned  putrefactive  products  in  the  intestine  tfai 
two  following,  indol  and  skatol,  should  be  especially  noted. 


'  Arch,  des  8cieuc»  biol.  de  St.  Pelersbourg,  Ttime  1. 
•  Zeflacbr.  f.  pbjrslol  Chem.,  Bd.  10. 
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CH 

IndoL,   C\H,N  =  C,H^  CH,    and    Skatol,    or     methyl-ikdol, 

NH 
C.CH. 

C.H.N  =  C,n^  CH,  are  two  bodies  which  stand  in  close  relationship 

tNH 
to  the  indigo  snbstances  and  are  formed  in  Tariable  quantities  from  proteid 
inbstances  nnder  different  conditions.  Hence  they  occnr  habituaily  in  the 
haman  intestinal  canal  and,  after  oxidation  Into  indoxjl  and  skatoxyl 
respectively,  pass,  at  least  partly,  into  the  nrine  as  the  corresponding 
ethereal  snlphuric  acids  and  also  aa  gljcnronic  acids. 

These  two  bodies  have  been  prepared  synthetically  in  many  ways.     Both 

may  be  obtained  from  indigo  by  reducing  it  with  tin  and  hydrochloric  acid 

and  heating  this  redoction  prodnct  with  zinc-dnst  (Baeyeu  ').     Indol  may 

I      be  formed  from  skatol  by  passing  it  throagh  a  red-hot  tube.     Indol  sus- 

^■|>ended  in  water  is  in  part  oxidized  into  indigo-bhie  by  ozone  (Nkncki'). 

ii  Indol  and  skatol  crystallize  in  shining  leaves,  and  their  melting-points 

are  +  52°  and  95""  C.  respectively*     Indol  has  a  peculiar  excrementitions 

odor,  while  skatol  has  an  intense  fetid  odor  (skatol  obtained  from  indigo  is 

^Jodorless).     Both  bodies  are  easily  volatilized  by  steam,  skatol  more  easily 

Hthan  indol.    They  may  both  be  removed  from  the  watery  distillate  by  ether. 

Hfikatol  is  the  more  inBolnble  of  the  two  in  boiling  water.     Both  are  easily 

ra   iolnble  in  alcohol,  and  give  with  picric  acid  a  combination  consisting  of  red 

crystalline  needles*     If  a  mixture  of  the  two  picrates  be  distilled  with 

ammonia,  they  both  pass  over  without  decomposition;  while  if  they  are 

distilled  with  caustic  soda,  the  indol  but  not  the  skatol  is  decomposed. 

The  watery  solution  of  iodol  gi^es  with  fuming  nitric  acid  a  red  liquid,  and 

then  a  red  precipitate  of  nitroso-iudol  nitrate  (Nenoki  ').     It  is  better  first 

to  add    two   or   three  drops  of  nitric   acid,  and    then  a  2^^   solution  of 

potassium  nitrite,  drop  by  drop  (Salkowski*).     Skatol  does  not  give  this 

reaction.     An  alcoholic  solution  of  indol  treated  with  hydrochloric  acid 

colors  a  pine  chip  cherry*red.     Skatol  does  not  give  this  reaction,     Indol 

igives  a   deep  reddish-violet  color   with   sodium   nitroprusside  and   alkali 

^■(Legal's  reaction).     On  acidifying  with  hydrocldoric  acid  or  acetic  acid 

iT  4he  color  becomes  true  blue.     Skatol  does  not  act  the  same.     The  alkaline 


^  Annril.  d,  Cbem,  u,  Pliarm..  Bd.  140^  and  Supplbd.  7,  8.  50 ;  bIbo  B«r.  d.  deuUch, 
cbem.  Gesellsch.,  Bd,  1. 

»  Ber.  (1.  deuUch.  cbem.  Gesellacb.,  Bd,  8,  8.  727.  and  i^'d.,  8.  722  and  1517. 

» Ibid, 

*  Zeitftclir,  f  pbysiol.  Cbem.,  Bd.  8.  8.  447. 
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solution  is  yellow  and  becomes  Tlolet  on  acidifying  with  acetic  acid  and 
boiling,  Skatol  diasokes  iu  concentrated  hydrochloric  acid  with  a  liolet 
coloration.  On  warming  Bkati>l  with  sniphnric  acid  a  beautiful  pnrpie-red 
coloration  ia  obtained  (Ciamiciax  and  Magnanini  *). 

For  the  detection  of  indol  and  skatol  in,  and  their  preparation  fram^  I 
excrement  and  pntrefying  mil  tares,  the  main  points  of  the  naaal  method 
are  as  follows:  The  mixture  is  distilled  after  acidifying  with  acetic  acid; 
the  distillate  is  then  treated  with  alkali  (to  combine  with  any  phenol  which 
may  be  present)  and  again  distilled.  From  this  second  distillate  the  two 
bodies,  after  the  addition  of  hydrochloric  acid,  are  precipitated  by  picric 
acid.  The  picrate  precipitate  is  then  diatilled  with  ammonia.  The  two 
bodies  are  obtained  from  the  distillate  by  repeated  shaking  with  ether  Hod 
evaporatioji  of  the  several  ethereal  extracts.  The  residue,  containing  jDdol 
and  skatol,  is  dissoked  in  a  very  small  quantity  of  absolnte  alcohol  and 
treated  with  8-10  vols,  of  water.  Skatol  is  precipitated,  but  not  the  iodol. 
The  further  treatment  necessary  for  their  separation  and  purification  will 
be  fociud  in  other  works* 

The  ga&es  which  are  produced  by  the  decomposition  processes  are  mixed 
in  the  intestinal  tract  with  the  atmospheric  air  swallowed  with  the  saliTt, 
and  as  the  gas  developed  in  the  decomposition  of  different  foods  variefl,  so 
the  mixture  61  gases  after  various  foods  should  have  a  dissimilar  conipoei- 
tion.  This  is  found  to  be  true.  Oxygen  is  found  only  in  very  faint  truca 
in  the  intestine;  this  may  be  accounted  for  in  part  by  the  formation  of 
reducing  snbstances  in  the  fermentation  processes  which  combine  with  the 
oxygen,  and  partly,  perhaps  chiefly,  to  a  diffusion  of  the  oxygen  throngh 
the  tissues  of  tlie  walls  of  the  intestine.  To  show  that  these  processes  take 
place  mainly  in  the  stomach  the  reader  is  referred  to  page  271,  on  the  com* 
position  of  the  gases  of  the  stomach.  Nitrogen  is  habitually  found  in  the 
intestine,  and  it  is  probably  due  chiefly  to  the  swallowed  air.  The  carbfm 
dioxide  originates  partly  from  the  contents  of  the  stomach,  partly  from  the 
putrefaction  of  the  proteids,  partly  from  the  lactic-acid  and  butyric-acid 
fermentation  of  carbohydrates,  and  partly  from  the  setting  free  of  carbon 
dioxide  from  the  alkali  carbonates  of  the  pancreatic  and  intestinal  jniceB  by 
their  neutralization  through  the  hydrochloric  acid  of  the  gastric  juice  and 
by  organic  acids  formed  in  the  fermentation.  Hydrogen  occnra  in  largest 
quantities  after  a  milk  diet,  and  in  smallest  quantities  after  a  purely  meat 
diet.  This  gas  seems  to  be  formed  chiefly  in  the  bii tyric-acid  fermentation 
of  carbohydrates,  although  it  may  occur  in  large  quantities  in  the  putrefy- 
tion  of  proteids  under  certain  circumstances.  There  is  no  doubt  that  the 
methylmermptan  aod  suipkuretied  Jiydrogen  which  occurs  normally  in  the 
intestine  originates  from  the  proteids.  The  marsh-gas  nndoubtedly  origi- ■ 
tiates  in  the  putrefaction  of  proteids.     As  proof  of  this  Ruojs'  fouoHl  2fi.45i( 


I 


1  Ber.  d.  dentscb.  chcm.  Gesfllsch,,  Bd. 
>  WIeu.  Sitzuiigabcr..  Bd.  44 
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marsh-gas  in  the  banmn  iateetine  alter  a  meat  diet.  He  foniid  a  still 
greater  quantity  of  this  gas  after  a  vegetable  (legQiniQaus)  diet ;  thia 
coiiicides  with  the  observation  that  marsh -gas  may  be  produced  bj  a 
fermentation  of  carbohydrates,  bnt  especially  of  eellnlosc  (Tapeiker*). 
Sach  an  origin  of  marsh-gas*  especially  in  herbivora,  is  to  be  expected.  A 
small  part  of  tlie  marBh-gas  and  carbon  dioxide  may  also  depend  on  the 
decomposition  of  lecithin  (IIasebboek'). 

Putrefaction  in  the  intestine  not  only  depends  upon  the  composition  of 
the  food,  but  also  upon  the  albuminous  secretions  and  the  bile.  Among 
the  constitoenta  of  bile  which  are  changed  or  decomposed  we  have  not  only 
the  pigments — the  bilimbin  yields  urobilin  and  a  brown  pigment — but  also 
the  bile-acids,  especially  taurocholic  acid.  Glycocholic  acid  is  more  stable, 
and  a  part  is  found  unchanged  in  the  excrement  of  certain  animals,  while 
taurocholic  acid  is  m  completely  decomposed  that  it  is  entirely  absent  in 
the  fjBces.  In  the  foetus,  in  whose  intestiual  tract  no  putrefaction  processes 
occur,  we  find,  on  the  contrary,  undecomposed  bile-acids  and  bile-pigmenta 
in  the  contents  of  the  intestine.  The  reduction  of  bilirubin  into  urobilin 
does  not,  according  to  Macfadyex,  Nexcki^  Siebeb,  and  Hahley,'  take 
place  in  man  in  the  small  but  in  the  large  intestine. 

That  the  secretions  rich  in  proteida  are  destroyed  in  putrefaction  in  tlie 
intestine  follows  from  the  fact  that  putrefaction  may  also  continue  during 
complete  fasting.  From  the  observations  of  Muller*  on  Cetti  it  was 
found  that  the  elimination  of  indican  during  starvation  rapidly  decnitased 
and  after  the  third  day  of  starvation  it  had  entirely  disappeared,  while  the 
phenol  elimination,  which  at  first  decreased  so  that  it  was  nearly  minimum, 
increased  again  from  the  fifth  day  of  starvation,  and  on  the  eighth  or  ninth 
day  it  was  three  to  seven  times  as  much  as  in  man  under  ordinary  circum- 
stances. In  dogs,  on  the  contrary,  the  elioiination  of  indican  during 
starvation  is  considerable,  but  the  phenol  elimination  is  slight.  Among 
the  secretions  which  undergo  pntref action  in  the  intestine,  the  pancreatic 
juice,  which  putrefies  most  readily,  takes  first  place. 

From  the  foregoing  facts  we  conclude  that  the  products  formed  by  the 
putrefaction  in  the  intestine  are  in  part  the  same  as  those  formed  in  diges- 
tion. The  putrefaction  may  be  of  benefit  to  the  organism  so  far  as  the 
formation  of  sach  products  as  albumoses,  peptones,  and  perhaps  also  certain 
amido-ftcids  is  concerned.  The  question  bus  indeed  been  asked  (Pastei  r), 
is  digestion  possible  without  m^cro-organisms  ?  Nittal  and  Thierfelder  * 
haTe  shown  th£>^t  guinea-pigs  removed  from  the  nterua  of  the  mother  by 

^  Zeltsch.  f.  Biologie,  Bdd.  20  atul  24. 
VZell*tcbr,  f.  pbysiol.  Cbem.»  Bti.  19, 
•Hurley,  Brit.  Mtd.  Jourtj.,  1896. 
*  Berlin,  klla.  Wochenacbr..  1887. 
•ZeUftcbr.  f.  pby&iol.  Chem,,  Bild.  21  aod  22. 
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Gaasarian  section  could  with  sterile  air  digest  well  and  assimilate  sterile  fotd 
(milk  or  crackers)  in  the  complete  absence  of  bacteria  in  the  intestine,  aud 
grew  perfectly  normal  and  increased  in  weight. 

The  bacterial  action  in  the  intestine  is  not  necesaary  at  least  for  cartui^ 
varieties  of  food.     That  they  may  be  of  importance  to  the  organism  has 
been  stated  above;  but  this  action  may,  by  the  formation  of  further  clearaga 
products,  be  a  loss  of  vain  able  material  to  the  organism,  and  it  is  therefore 
important  that  putrefaction  iu  the  intestine  is  kept  within  certain  llmita. 
If  an  animal  is  killed  while  digestion  io  the  intestine  is  going  on,  the  can- 
ten  tb  of  the  small  intestine  give  out  a  peculiar  but  not  putrescent  odor* 
Also  the  odor  of  the  contents  of  the  large  intestine  is  far  less  offensive  tban 
a  putrefying  pancreas  infosion  or  a  putrefying  mixture  rich  in  proteid. 
From  tins  we  may  conclude  that  putrefaction  in  the  intestine  is  ordinarily 
not  nearly  us  intense  as  outside  of  the  organism. 

It  seems  thus  to  be  provided,  imder  physiological  conditions,  that  putre- 
faction shall  not  proceed  too  far,  and  the  factors  which  here  come  umier 
consideration  are  probably  of  different  kinds.  Absorption  is  undouhtedlj 
one  of  the  most  important  of  them^  and  it  has  been  proved  by  actual  obser- 
Tration  that  the  putrefaction  increases,  as  a  rule,  as  the  absorption  is  checked 
and  fluid  masses  accumulate  iu  the  intestine.  The  character  of  the  fotnl 
also  has  au  unmistakable  iuHuence,  and  it  seems  as  if  a  large  quantity  of 
carbohydrates  in  tlie  food  acts  against  putrefaction  (Hikschlee ').  Ithsa 
been  shown  by  PoHL,  Bieenacki,  Roviqhi,  AVinternitz,  and  ScHiim' 
that  milk  and  kephir  have  a  specially  strong  preventive  action  on  paLrefac- 
tion.  This  action,  acconling  to  Schmitz,  is  not  due  to  the  casein,  bat 
chiefly  to  the  lactose  and  also  in  part  to  the  lactic  acid. 

A  specially  strong  preventive  action  on  putrefaction  has  been  ascribed 
lor  a  long  time  to  the  bile.     This  auti-putrid  action  is  not  due  to  nentnJ 
cr  faintly  alkaline  bile,  which  itself  easily  putrefies,  but  to  the  free  bile- 
acida,   especially   taurocholic    acid    (Malt   and    Emich,    Lindbkrger*). 
There  is  no  question  that  the  free  bile*acids  have  a  strong  preventive  action 
on  putrefaction  outside  of  the  organism,  and  it  is  therefore  difficult  to  deny 
euch  an  action  in   the   intestine.     Notwithstanding   this    the   anti-putril 
action  of  the  bile  in  the  intestine  is  contradicted  by  certain  investigatoi 
(VoiT,  RouitANK,  H1R6CHLER  and  Terray*),     Mosse'  has  recently  given 


I  Zeitachr.  f.  pljysiol.  Chim  ,  Bd.  10,  8.  806. 

*  IbitL,  Btl.  17,  S.  401.  wliicli  gkes  refcreuct;s  lo  lUe  older  literature,  nnJ  Bd.  19, 
See  alao  Siilkowski,  Cetitralbl.  f,  d.  med,  Wiss..  1893,  S.  407.  and  Seelig,  Virebow**. 
Arcb.,  Bd.  146. 

*  Muly  and  EmicU,  XoDatskefle  f.  Chum.,  Bd.  4  ;  Lindbergeiv  1,  c. 

♦Vi>il.  Beilr.  zur  Biologie,  Jubilftum^ckrift,    Siuttgiirt,  18^2;   ROhmaun,  PflQgfiT' 
ArcJi.,  Bd,  3S  :  HirschJer  wid  Teiniy,  Muly'si  Jubreiiber,,  Bd.  26. 

*  Zdtschr.  L  kllu.  Mt;d.,  Bd.  36, 
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farther  proof  aa  to  the  inability  of  neutral  bile  id  preventing  putrefaotton. 
He  claims,  on  the  contrary,  that  it  has  a  temporal  retarding  aotion  on  the 
development  of  bacteria. 

Biliary  fistnlee  have  been  established  8o  as  to  stody  the  importance  of  the 
bile  in  digestion  (Schwann,  Hlondlot^  Bidder  and  Schmidt/  and 
others).  As  a  resQlt  it  has  been  observed  that  with  fatty  foods  an  imperfect 
absorption  of  fat  regularly  takes  place,  and  the  excrements  contain »  there* 
fore,  an  excess  of  fat  and  have  a  light*gray  or  pale  color.  The  extent  of 
deviation  from  the  normal  after  tire  operation  is  essentially  dependent  npon 
the  character  of  the  food.  If  an  animal  is  fed  on  meat  and  fat,  then  the 
quantity  of  food  must  be  considerably  increased  after  the  operation,  other- 
wise the  animal  will  become  very  thin,  and  indeed  die  with  Bymptoms#of 
starvation .  In  these  cases  the  excrements  have  the  odor  of  carrion,  and 
this  was  considered  a  proof  of  the  action  of  the  bile  in  checking  putrefac- 
tion. The  emaciation  and  the  increased  want  of  food  depend,  naturally, 
upon  the  imperfect  absorption  of  the  fats,  wliose  higli  calorific  valne  is 
rednced  and  must  be  replaced  by  the  taking  np  of  larger  quantities  of  other 
nutritive  bodies.  If  the  quantity  of  proteids  and  fats  be  increased,  then 
this  last,  which  can  be  only  very  incompletely  absorbed,  accumulates  in  the 
intestine.  This  accnmnlation  of  the  fats  in  the  intestine  only  renders  the 
action  of  the  digestive  juices  on  proteids  more  difficult,  and  these  last 
increase  the  amount  of  putrefaction.  This  explains  the  appearance  of  fetid 
fiBces,  whose  pale  color  is  not  due  to  a  lack  of  bile^pigments,  bat  to  % 
surplus  of  fat  (Rohmann,  Voit),  If  the  animal  is,  on  the  contrary,  fe<l 
on  meat  and  carbohydrates,  it  may  remain  quite  normal,  and  the  leading 
eS  of  the  bile  does  not  canse  any  increased  putrefaction*  The  carbo- 
hydrates may  be  uninterruptedly  absorbed  in  such  large  quantities  that  they 
replace  the  fat  of  the  food,  and  this  is  the  reason  why  the  animal  on  such  a 
diet  does  not  become  emaciated.  As  with  this  diet  the  putrefaction  in  the 
intestine  is  no  greater  than  under  normal  conditions  even  though  the  bile  is 
absent,  it  would  seem  that  the  bile  in  the  intestine  exercises  no  preventlTe 
action  on  putrefaction. 

The  researches  of  LAXJiArER  '  on  the  infinenceof  the  bile  on  metabolism 
have  substantiated  the  earlier  observations  that  fats  are  as  poorly  absorbed 
in  dogs  with  biliary  flstula  and  the  carbohydrates  as  in  normal  animals. 
With  food  consisting  of  medium  amounts  of  proteids,  larger  amounts 
of  carboliyd rates,  and  only  very  little  fat  the  deposition  of  proteid  took 
place  as  in  normal  animals.  On  feeding  with  sufficient  proteid  and  little 
fat  nitrogenous  equilibrium  occurred  also  in  a  fistula  dog,  but  first  with 


*  SchwaoD,  Mullet's  Arch.  f.  Aoal.  u.  PhysioL, 
and  Schmidt »  VerdauungssEfte*  elc,  S.  98^ 

*  Math.  u.  nalurw.  B«ricbi  aus  Uaganii  Bd.  15. 


1844 ;  Bloudlol,  cited  from  Bidder 
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a  bodily  weight  less  than  in  a  normal  aniraaL  On  feeding  with  inediaia 
quantitiefi  of  proteid  and  more  fat,  with  which  a  deposition  of  proteid  to(»k 
place  in  a  norma!  animal,  a  loss  of  proteid  was  observed  in  a  fig  tula  dog. 

To  this  conclneion  the  objection  may  be  made  that  the  carbohydrates,  I 
which  are  capable  of  checking  putrefaction,  can,  so  to  speak,  nndefUke  < 
the  anti-pntrid  action  of  the  bile.  Bat;  as  we  also  have  cases  (In  dGg^i 
with  biliary  istnla)  where  the  intestinal  putrefaction  is  not  increased  with  I 
exclusive  meat  diet/  still  itis  maintained  that  the  absence  of  bile  in  the! 
intestine,  even  by  exclusive  carboyhdrate  food,  does  not  always  caaseio' 
increased  putrefaction. 

Although  the  question  how  the  putrefactive  processes  in  the  inteatioA 
under  physiological  conditiona  are  kept  within  certain  limits  cannot  be 
imawered  positively,  still  it  may  be  asserted  that  the  acid  reaction  of  tbe 
upper  parts  of  the  intestine,  and  the  absorption  of  water  in  the  lower  parts^ 
are  important  factors. 

That  the  acid  reaction  in  the  intestine  has  a  preventive  influence  OQtk 
putrefactive  processes  follows  from  the  existing  relation  between  the  degreo 
of  acidity  of  the  gastric  juice  and  the  putrefaction  in  the  intestine.  After 
the  investigatioua  and  obaervations  of  Kast,  Stadelmaxn,  WASBrrzJJi, 
BiERNACKi,  and  Mester  had  proved  that  an  increased  putrefaction  iatbt 
intestine  occurred  when  the  quantity  of  hydrochloric  acid  in  the  gustfie 
juice  was  diminished  or  deficient,  Schmitz'  has  lately  shown  in  man  tliit 
on  the  administration  of  hydrochloric  acid,  producing  a  hyperacidity  of  th« 
gastric  Juice,  the  putrefactioti  in  the  intestine  may  be  checked.  The  queF- 
tion  as  to  how  the  putrefaction  is  regulated  in  animals  where  the  intestinal 
contents  is  alkaline  all  along  the  intestine  (Moore  and  Eockwdod')  remainB 
unsettled. 

Excrementa.     It  is  evident  that  the  residue  which  remains  after  com- 
pleted digestion  and  absorption   in  the  intestine  mast  be  different,  both] 
qualitatively  and  quantitatively,  according  to  the  variety  and  qnantity  of 
the  food.     In  man  the  quantity  of  excrement  from  a  mixed  diet  is  120-150     > 
grms.,  with  30-37  grma.  solids,  per  24  hoars,  while  the  qaantitj  from  tfl 
vegetable  diet,  according  to  Voit,*  was  333  grms.,  with  75  grms.  solidi.     i 
With  a  strictly  meat  diet  the  excrements  are  scanty,  pitcli-like,  and  colored 
nearly  black.     The  scanty  excrements  in  starvation  have  a  similar  appear- 
ance.    A  large  quantity  of  coarse  bread  yielda  a  great  amount  of  light- 
colored  excrement.     If  there  is  a  large  proportion  of  fat,  it  takes  a  lighter, 
clayey  appearance.     The  decomposition  products  of  the  bile-pigments  seem 
to  play  only  a  small  part  in  the  normal  color  of  the  fseces.  M 

*  See  Hnrley  ami  Tunay. 

■  Zeiiachr.  f.  pliysiol  Cbetii-,  Bd.  19,  S.  401,  w hick  Includes  alUhe  pertinent  literaiilTe. 
♦      •  Joum.  of  PhysWi.,  Vol.  21, 

*  ZeitecUr.  f.  Biologi©,  Bd.  25,  S.  264. 
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The  coastitQeDts  of  the  f^ces  are  of  di^erent  kinds.     We  Bnd  in  the 
cerements  digestible  or  absorbable  coostitoenta  of  the  food,  Bach  as  mu&cle- 
Ibres,  connective  tisanes,  lumps  of  caBein,  grains  of  starch,  and  fat  which 

have  not  had  anfficient  time  to  he  completely  digested  or  absorbed  in  the 
intestinal  tract.     In  addition  the   excrements  contain   indigestible  bodies, 

such  Jis  remains  of  plants,  keratin  substances,  nnclein,  and  others;  also 
form-elements  originating  from  the  mucous  coat  and  the  glands;  constit- 
nents  of  the  different  secretions,  snch  as  mncin,  cholalic  acid,  dyslysin,  and 
cbolesterin  (koprosterin  or  stercorin);  mineral  bodies  of  the  food  and  the 
aecretiouB;  and,  lastly,  prod  acts  of  pntref  action  or  of  the  digestion,  snch  as 
ekatol,  indol,  volatile  fatty  acids,  lime,  and  magnesia  soaps.  Occasionally, 
also,  parasites  of  different  kinds  occar;  and  lastly,  the  excrements  contain 
micro-organisms  of  various  kinds. 

\       That  the  mucons  membrane  of  the  intestine   by  its  secretion  and  by 

'the  abondant  qna?itity  of  detached  epithelinm  contributes  essentially  to 
tlie  formation  of  excrement  follows  from  the  discovery  first  made  by 
L.  Hermann  and  substantiated  by  others*  that  a  clean,  isolated  loop  of 
intestine  collects  material  similar  to  fieces.  Human  f feces  seems  to  consist 
in  greatest  part  of  intestinal  secretion  and  only  in  a  smaller  part  of  residue 
from  food.  Many  foods  produce  a  large  quantity  of  fmces  chieHy  by  causing 
an  abnndant  secretion.' 

The  reaction  of  the  excrements  is  very  variable,  but  alkaline  in  man.  It 
is  often  acid  in  t!ie  inner  part,  while  the  outer  layers  in  contact  with  the 
mucous  coat  have  an  alkaline  reaction.  In  nursing  infants  it  is  habitnally 
acid  (Wegscueider*)*  The  odor  is  perhaps  chiefly  due  to  skatol,  which 
was  first  found  in  the  excrements  by  Briegeb,  and  so  named  by  him. 
Indol  and  other  substances  also  take  part  in  the  prodiictiou  of  odor.  The 
color  is  ordinarily  light  or  dark  brown,  and  depends  above  ill  upon  the 
nature  of  the  food.  Medicinal  bodies  may  give  the  faeces  an  abnormal  color. 
The  excrements  are  colored  black  by  iron  and  bismuth,  yellow  by  rhubarb, 
and  green  by  calomel.  This  last-mentioned  color  was  formerly  accounted 
for  by  the  formation  of  a  little  mercury  sulphide,  but  now  it  is  said  that 
calomel  checks  the  putrefaction  and  the  decomposition  of  the  bile-pigments, 
60  that  a  part  of  the  bile-pigments  iiasses  into  the  faaces  as  biiiverdin. 
According  to  Lesage*  a  green  color  of  the  excrements  in  children  is  caused 
partly  by  biiiverdin  and  partly  by  a  pigment  produced  from  a  bacillae. 


'  Hermaui^p  Pflttger'B  Arcb.,  Bd,  46.  Bee  also  EhreDllml,  ibid.,  Bd.  48  ;  BfretTstelu, 
ibid.,  Bd.  5S  ;  Kleckl,  Cetjtralbl.  f.  Phyaiol.,  Bd.  7,  S,  7Bfl.  and  F.  Volt,  Zeirschr.  f, 
Biologie,  Bil.  39 ;  v,  Moraczewski,  Zeilsehr.  f.  physiol  Chero..  Bd.  25. 

'  In  regard  to  ibc  coustltutlon  of  fisces  with  various  foods  see  Hammer],  Kermauuer, 
Moeller,  and  Prausoliz.  Zeitsclir.  f.  Biologic,  Bd.  85- 

*8ee  MHly*s5  Jahresber.,  Bd.  5,  6.  182. 

*iWd,,Bd.  18,  S.  3S6. 
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In  tbo  yolk-yellow  or  greenish -yellow  excrements  of  nursing  infante  wecaa 

iletect  bilirubin.  Neither  bilirubin  nor  biliverdin  seems  to  exist  in  th» 
excremeata  of  mature  persons  under  normal  conditions.  On  the  coDtrarj, 
we  flniJ  8TKKC0BILIK  (Masu'S  find  Yaxlaie),  which,  is  identical  with 
urobilin  (Jaffe  ').  Bilirtibiti  nitij  occur  iti  pathological  cases  in  the  faeces  of 
matoro  persona.  It  has  been  observed  io  u  crystallized  state  (as  batma- 
.toidin)  in  the  faeces  of  children  as  well  as  of  grown  persons  (UPFBLMAyy, 
V.  Jaksctt'). 

Tiio  absence  of  bile  (acholic  fseces)  cansas  the  excrements  to  hare,  ai 
above  stated,  a  gray  color,  due  to  large  qtiautities  of  fat^  this  may^  howerer, 
be  partly  attributed  to  the  absence  of  bile-pie:meuts.  In  these  cases  a  large 
qnautity  of  crystals  has  been  observed  (Gehhardt,  v.  Jaksch)  which  cod* 
aist  chiefly  of  magnesia  soaps  (Oesterlen)  or  sodium  soaps  (Stadelmakit*). 
Ilemorrluige  in  the  upper  parts  of  the  digestive  tract  yields,  when  it  ianot 
Tery  abundant,  a  dark-brown  excrement,  due  to  ha? matin. 

ExcuETiN,  80  muned  by  Maroet/  is  a  crystalliue  body  occurring  in  huiimti  extw- 
men  I.  but  wbicb,  according  (m  Hopfe-Sbvler,  is  iMprbiips  only  impure  diolatCTfu 
(ki*iirii9teriu  iit  sterconn  ?i.  ExcRETOLic  acid  is  the  mme  glveu  by  Marcet  tonntiil^ 
biuiy  witli  na  exmcniuniitious  «»dt>i\ 

In  consideration  of  the  very  variable  com  position  of  excrements  their 
quantitative  analyses  are  of  little  valne  and  therefore  will  be  omitted. 

Meconium  is  a  dark  brownish -greon,  pitchy,  mostly  acid  nuiss  without 
any  strong  oJon  It  contains  greenish -colored  epilhelium  cells,  cell-detritns, 
numerous  fat-globules,  and  cholesteriu  plates.  The  amount  of  water  tod 
solids  is  respectively  7'20-80O  and  280-'^00  p.  m.  Among  the  solids  we  find 
mnein,  bile-pigmeuts  and  bile-acids,  choiesterin,  fat,  soaps,  calcium  and 
magnesium  plioispliates.  Sugar  and  lactic  acid,  albuminous  bodies  (?)  and 
peptones,  also  leucin  and  tyros  in  and  the  other  products  of  putrefaction 
occurring  in  the  intestiue,  are  absent.  Meconium  may  contain  undecon)* 
posed  tanrocholic  acid,  bilirubin  and  biliverdin,  but  it  does  not  contain  any 
stercobiliu,  which  is  considered  as  proof  of  the  non-existence  of  putrefactive 
processes  in  the  digestive  tract  of  the  ftetus. 

In  medico-legal  cases  it  is  sometimes  necessary  to  decide  whether  spoti 
on  linen  or  other  substances  are  cansed  by  meconium.  In  snch  cases  we 
have  the  following  conditions r  The  spot  caused  by  meconium  has  a  brown- 
ish-green color  anil  can  be  easily  separated  from  the  material  because,  on 
acciiunt  of  the  ropy  property  of  the  meconium,  it  is  difficult  to  wet  throagh. 
When  moistened  with  water  it  does  not  develop  any  special  odor,  but  on 
Tarming  with  dilute  sulphuric  acid  it  has  a  somewhal  fetid  odor.     It  forma 


1 


*  Bee  Chapter  VIII.,  on  the  bile,  and  Ckftpter  XV.  on  umbiliu. 

*  Uffelmiino,  DeuUcli.  Arch.  f.  klin,  MetL,  Bd.  28  ;  v.  Jstk&ch,  KUnische  J 
4.  Aufl.,  8  273. 

>  lo  regard  to  fat  cryalala  iu  the  twees  see  v.  Jakach,  h  c,  p.  274 
^  Annul,  de  chim.  et  de  phya.,  Tome  5fi 
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"witli  water  a  slimy,  greemsli-yellow  liquid  containing  brown  ilakes.  Tiie 
Bolution  gives  witli  an  excess  of  acetic  acid  an  insoluble  precipitate  of  mucin; 
on  boiling  it  does  not  coagulate.  The  filtered,  waterj  extract  gives 
Gmelin'Vs^  but  still  better  HirppERT's,  reaction  for  bile- pigments.  The 
liquid  precipitated  by  an  excess  of  milk  of  lime  gives  a  nearly  colorless 
filtrate,  which  after  concentration  gives  Pettenkofer's  reaction. 

The  e&ntertts  oftht  inUntinr  undtr  abnonnftl  ronditioti^  iire  perhit[>6  leas  iLe  eubiect  of 
chemical  uDalysis  Ibab  of  an  iDspeclioii  nud  microscopica!  i it vesi Ration  or  bat  leriofogical 
examiijftlioD.  Od  Ibis  accotmt  ibequeaiioii  hs  ro  tlae  pniperlies  of  iLe  couleuls  of  ibe 
Iniesiiue  in  (liferent  diseases  caimot  be  Uiorouglily  treated  bere. 


Appendix, 
lutestmal  Concrements. 

Calculi  occnr  very  seldom  in  human  intestine  or  in  the  intestine  of 
carnivora,  btit  they  are  quite  common  in  herbivora*  Foreign  bodies  or 
nndigested  residaes  of  food  may,  when  for  some  reason  or  other  they  are 
retained  in  the  intestine  for  some  time,  become  incrnsted  with  salts^ 
especially  ammonium-magnesium  phosphate  or  magnesium  phosphate,  and 
these  salts  form  usually  the  chief  constituent  of  the  concrements.  In  man 
they  are  sometimes  oval  or  round,  yellow^  yellowish  gray,  or  brownish  gray, 
of  variable  size,  consisting  of  concentric  layers  and  containing  chiefly 
ammonium-magnesium  phosphate,  calcium  pliosphate,  besides  a  small  quan- 
tity  of  fat  or  pigment.  The  nucleus  ordinarily  consists  of  some  foreign 
body,  snch  as  the  stone  of  a  fmit,  a  fragment  of  bone,  or  something  similar. 
In  those  countries  where  bread  made  from  oat-bran  is  an  important  food^ 
we  often  find  in  the  large  intestine  balls  similar  to  the  so-called  hair-balla 
(see  below)*  Snch  calcnli  contain  calcium  and  magnesium  phosphate 
(about  70<^),  oat-bran  (15-18^),  soaps  and  fat  (about  10^).  Concretions 
which  contain  very  much  (about  74^)  fat  seldom  occnr,  and  those  consist- 
ing of  fibrin  clots,  sinews,  or  pieces  of  meat  incmfited  with  phosphates  are 
also  rare. 

Intestinal  calculi  often  occnr  In  animals,  especially  in  horses  fed  on 
bran.  These  calculi,  which  attain  a  very  large  size*  are  hard  and  heavy  (as 
much  as  8  kilos)  and  consist  in  great  part  of  concentric  layers  of  ammonium- 
magnesinm  phosphate*  Another  variety  of  concrements  which  occurs  in 
horses  and  cattle  consists  of  gray-colored,  often  very  large,  but  relatively 
light  stones  which  contain  plant  residues  and  earthy  phosphates.  Stones 
of  a  third  variety  are  sometimes  cylindrical,  sometimes  spherical,  smooth, 
shining,  brownish  on  the  surface,  consisting  of  matted  hairs  and  plant- 
fibres,  and  termed  hair-halU.  The  so-called  '*  .egagropila,"  which 
probably  originate  from  the  antilopus  rupicapra,  belong  to  this  group, 
and  are  generally  considered  as  nothing  else  than  the  hair-balls  of  cattle. 

The  so-called  oriental  hezoar-stone  belongs  also  to  the  intestinal  *  oncre- 
ments,  and  probably  originates  from  the   intestinal  tract  of  the  oapba 
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^GAOBUS  and  axtilope  doeoas.  We  may  have  two  varietiea  of  bezow- 
«toiieB.  One  is  oOve-green,  faintly  shining,  formed  of  concentric  Ujeci. 
On  heating  it  melts  with  tlie  development  of  an  aromatic  odor.  It  contmas 
m  chief  coustitaent  lithofellic  acid,  C„1I„0^,  which  is  related  toclioMc  I 
acid,  and  besides  this  a  bile-acid,  lithobilic  acid.  The  others  are  uenrlj 
blackish  brown  or  dark  green,  very  glossy,  consisting  of  concentric  lajen, 
and  do  not  melt  on  heating.  They  contain  as  chief  constituent  ellagio 
ACID,  a  derivative  of  tannic  acid,  of  the  formula  C^JI.O, ,  which  gives  i 
deep  blae  color  with  an  alcoliolic  sobitioa  of  ferric  chloride.  This  last- 
mentioned  bezoar-stooe  originates,  to  all  appearances,  from  the  food  of  the 
animal. 


Ambergrut  is  generally  considered  an  intestinal  cohere ni en  t  of  tlie  aperiu-wJmle.  In 
cLief  constitueai  13  ambrain.  wbiib  is  a  uoiiiiilrogenoua  suhslunce  perhaps  reluied  U) 
cboleslurlE.  Ambmiii  in  insoluble  in  wuter  and  is  tiot  clianged  by  baiiin^  jiikjiliefi.  It 
disBulvea  in  alcoiiol,  etbtr,  aud  olls« 


VI.   AbHorptioii* 

The  problem  of  digestion  consists  in  part  in  separating  the  Talnable  con- 
etituents  of  the  food  from  the  useless  ones  and  dissolving  or  trausforoitng 
them  into  forms  which  are  necessary  in  the  processes  of  absorption.  la 
disctiBsing  the  absorption  processes  we  must  treat  of  the  form  into  which 
the  d liferent  foods  are  transformed  before  absorption,  of  the  manner  iu 
which  this  is  accomplished,  and,  lastly,  of  the  forces  which  act  in  thtts  | 
processes. 

Proteids  may  not  only  be  absorbed  from  the  intestine  as  albnmoses  bxA 
peptone,  btit  also,  as  shown  by  the  earlier  investigations  of  BrCcee,  Baub& 
and  VoiT,   EiciiitoiisT,  Czernv  and  Latschenberger,  and  recently  by 
VoiT  and  FfiiEDLANDER,'  as  noo-peptonized  proteid.     In  the  researches 
of  the  last  two-mentioned  investLgatora  neither  casein  (as  milk)  nor  hydros 
chloric  acid  myosin  nor  acid  albuminate  (in  acid  solution)  was  absorbed, 
while,  on  the  contrary,  about  21^  of  ovalbumin  or  seralbumin  and  B9j(  of    , 
alkali  albtiminate  (dissolved  in  alkali)  were  absorbed.     Under  aacb  ootidi*fl 
tions  tlie  question  arises,  to  what  extent  are  the  proteids  absorbed  as  pep 
tone  or  album oses  or  in  other  forms  ? 

This  qaestiou  cannot  be  decisively  answered,  as  the  observations  on 
subject  are  contnidictory.     In  inveatigating  the  stomachs  and  intestine  i 
dogs  Schmidt-MCjlheim  found  that  the  quantity  of  peptone  (albnmo 
in  the  intestinal  tract  was  considerably  greater  than  the  simply  dissolved 
proteid.     Other  experimenters,  such   as  Ellbnberger  and  Hofmbisteb 


n  thi^ 
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lOieejH 


»  BrUcke,  Wien.  Sitzungsben,  Bd.  59  ;  Bauer  and  Tolt.  ZeltscLr.  f.  Biologic,  Bd.  5; 
Eichhor^t.  Pl5nger*s  Arcli..  Bd.  4:  Czcrny  ant!  Laischooberger,  Vlrchow'a  Aich. 
3d,  5£> ;  Voit  and  Pried ISnder,  Zeilschr.  f.  Biologie,  Bd.  88. 
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iriments  on  pigs),    Ewald  and   Gumlich*   (observations  on    nrnn) 
,d,  on  the  contrary,  only  very  inBignificant  qoantities  of  albEmoses  and 

nes  in  the  iDteetine  or  stomach*  If  the  albomosea  aiifl  peptones  are 
\t  readily  absorbed  than  the  other  proteids  and  the  absorption  and  diges- 
1  in  the  stomach  run  parallel  (Scumidt-Mulheim),  then  it  ib  difBcuU  to 
|r  any  positive  conclaBion  from  the  small  quantity  of  albnmoses  fonnd- 
[n  what  way  are  the  albnmoses  and  peptones  absorbed »  and  how  are  they 
►eyed  to  the  tisnes  ?  The  generally  accepted  view  is  that  they  do  not 
1  into  the  blood  through  the  lymphaiics,  bat  throagh  the  intestinal 
pelinm,  and  this  view  is  baaed  essentially  on  the  two  following  conditions, 
I' completely  isolating  the  chyle  from  the  blood  circnlation,  the  proteid 
irption  from  the  intestine  is  not  impaired  (Ludwio  and  Schmidt- 
Lh^im);  and  on  a  diet  rich  in  proteid  the  quantity  thereof  in  the  chyle 
man)  was  not  noticeably  increased  (Munk  and  Rosen'stkin).     Ascheu 

Babbeea  '  have  recently,  it  is  true,  shown  in  experiments  on  a  dog 
\  the  quantity  of  proteid  in  the  lymph  was  a  little  increased  after  par- 
ing of  abandance  of  proteid.  This  eiperimeot  does  not  disprove  tiie 
f  tion  of  MuNK  that  the  bood- vessels  form  nearly  the  eiclasive  exit  of  the 
keids  from  the  intestinal  tract. 

^Aiter  a  diet  rich  in  proteids  neither  albnmoses  nor  peptone  are  found 
bie  blood  or  the  chyle.  Nor  are  they  present  in  the  urine  ;  and  the 
^nce  of  these  bodies  in  the  blood  after  digestion  cannot  be  explained  by 
I,  statement  that  they*  like  the  peptone  (albumoaes)  injected  subciUane- 
or  directly  into  the  blood,  are  quickly  eliminated  through  the  kidneys 
Zand  Gyergyai,  Hofmeistek,  SciiMiDT-iluLiiEiM*).     It  might  be 

osed  that  the  peptone  (albnmoses)  formed  in  digestion  are  retained  by 
liver,  and  that  this  is  the  reason  why  they  are  not  found  in  the  blood, 

MEisTER  has  investigated  the  portal  blood  of  rabbits  in  whose  stomachs 
quantities  of  albumoses  and  peptone  had  been  iutrodaced,  without 
ling  traces  of  the  body  in  question.  He  has  also  shown  that  when  we 
roly  the  liver  of  a  dog  with  the  portal-blood  peptone  (ampho-peptone), 
I  is  not  retained  by  the  liver.  Shore  has  arrived  at  similar  results  in 
krd  to  the  importance  of  the  liver,  and  has  also  shown  that  the  spleen 
tot  transform  peptone-     Peptone  seems  to  pass  neither  into  the  blood 

the  chylous  vessels,  and  the  following  observation  of   Lunwio  and 


Schmidt^Mnlheim.  Du  Boifi-Reymond's  Arch.,  1879  ;  Ellenberger  aad  Hofmeiater, 

,  1890;  Ewuld  and  Gumlicb,  Berlin,  kiln.  WocbcDSclir.,  1890, 

Schmidt  Mnlheim,  Du  Bob  Reymond's  Arch,,  1877;  Munk  and  RoseoBtein,  Vlr- 
W'sArch..  Bd.  123;  Archer  aud  Barbara,  CentralbL  t  PliyaioL,  Bd.  11.  S.  403; 
»k.  iJbid.,  Bd,  11,  8.  585. 

'Pl6ftzand  Gyergyftl,  PflURer's  Arcb.,  BcL  10;   Hofmelaier,  ZeiUchn  f.  physlol. 
5;  Schmidt  MalUdra,  Du  BoisReymoDd's  Arch.,  1880. 
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Salvioli'  bears  oat  this  aBsomption.  These  investigators  introdnced  i 
peptone  solution  into  a  doable-ligatnred,  isolated  piece  of  the  small  inus^ 
tine,  which  was  kept  alive  by  passing  defibrinated  blood  throagh  it»  and 
observed  tliat  the  peptone  disappeared  from  the  intestiae,  but  that  t!i9 
blood  passing  throngh  did  not  contain  any  peptone. 

iUl   observations   indicate   that  the   albomosea  and  peptone  are  tr&iu^j 
formed  in  some  way  in  the  intestine  or  intestinal  wall;  and  as  the  albumnsesi 
can  replace  other  proteids  in  the  food  (see  Chapter  XVIII),  we  mnet  admit 
of  a  transformation  of  this  into  ordinary  proteid  in  the  intestine  or  in  the 
intestinal  wall. 

Certain  investigators,  each  as  v.  Orr,  Nadike  Popofp,  and  Jclla. 
Beinck,'  are  of  the  opinion  that  the  albumoaes  and  peptone  of  gastric 
digestion  are  transformed  into  seralbamin  before  they  pass  into  the  walls  af 
the  digestive  tract.  This  transformation  is  brought  abont  by  meang  of  the 
epitbeliiiDi  cells,  as  also  by  the  living  activity  of  a  fangos  called  by  Jnu 
Brinck  micrococcus  restituens.  No  positive  proofs  have  been  presented  to 
support  this  view. 

Tlie  view  that  the  transformation  of  the  albnmoses  and  peptone  take« 
place  after  they  have  been  taken  np  by  the  m neons  membrane  has  better 
foundation.  The  observations  of  Hofmeister,*  according  to  whom  tbft 
walls!  of  the  stomach  and  the  intestine  are  the  only  parts  of  the  bodjio 
which  peptone  (albnmoses)  occur  constantly  daring  digestion,  and  also 
that  peptone  (at  the  temperature  of  the  body)  after  a  time  diaappeareil  from 
the  excised  bat  apparently  still  living  mucous  coat  of  the  stomach,  confinn 
this. 

According  to  Hofmeister  the  leucocytes  of  the  adenoid  tiasne,  which 
are  increased  during  digestion,  play  an  important  part.  They  may  take  op 
the  peptone  (albnmoses)  and  be  the  means  of  transporting  them  to  the 
blood,  and  secondly  by  their  growth^  regeneration,  and  increase  may  Btaad 
in  close  relationship  to  the  transformation  and  assimilation  of  the  peptones. 
Heidekhaix,  who  considers  that  the  trausformation  of  peptone  into 
proteid  in  the  mucous  membrane  is  positively  settled,  does  not  attribute  00 
great  an  importance  to  these  last  in  the  absorption  of  the  peptones  aa 
Hofmeister,  chiefly  on  the  ground  of  comparative  estimation  of  the  qnao* 
tity  of  absorbed  peptones  and  leucocytes.     He  considers  it  most  probable 


>  Neumeister,  Sitzungsber.  d.  pbys.-mcd.  Gcsellich.  zu  WQrzburg,  1889,  and  ZeitAchr 
1  Biologic,  Bd,  24  ;  Shore,  Joufd.  of  PhyBiol.  Vol  11  ;  Salvioli.  Da  Bois-Rcymood'a 
Arcb..  1860,  Suppl. 

•v,  Ott,  Du  BoiS'RcyiDOiid's  Arch.,  1883;  Popoff,  ZeiUcbr.  f.  Biolo^e,  Bd.  Ms 
Brluck,  ibid.,  S.  458. 

'  Zeltschr.  f,  physkl.  Cbem.,  Bd.  6,  and  Arch,  f.  exp.  Path.  u.  Phiirm.,  Bdd.  ffl,  M^*^ 
and  22. 
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that  the  recDDTersion  of  the  peptones  into  proteiil  takes  place  in  the 
epithelium  layers.  Tbia  view  is  further  corroborate*!  by  the  investigations 
of  Shore*' 

The  extent  of  the  proteid  absorption  is  dependent  eaaentiallj  npon  the 
kind  of  food  introtlucetl,  since  as  a  rnle  the  protein  substances  from  on 
animal  source  are  mach  more  completely  absorbed  than  from  a  vegetable 
source.  As  proof  of  this  we  give  the  following  observations:  In  his  experi- 
ments oti  the  ntilization  of  certain  foods  in  the  intestinal  canal  of  man 
RCJBNER  foand  that  with  an  altogether  animal  diet,  on  partaking  of  an 
average  of  738-884  grms.  fried  meat  or  948  grms.  eggs  per  day,  tlie  nitrogen 
deficit  with  the  excrement  was  only  2.5-2.8j^  of  the  total  introduced 
nitrogen.  With  a  strictly  milk  diet  the  results  were  somewhat  unfavorable, 
since  after  partaking  of  4100  grms.  milk  the  nitroged  deficit  increased  to 
12^.  The  conditions  are  quite  different  with  vegetable  food,  as  shown  by 
the  experiments  of  Meyer,  Rubner,  HrLTGREK  and  LANDERCtKEN,  who 
made  experiments  with  various  kinds  of  rye  bread  and  found  that  the  losa 
of  nitrogen  through  the  faeces  amounted  to  22-48^,  Experiments  with 
other  vegetable  foods,  and  also  the  investigations  of  Schuster,  Cramer, 
Meixert,  Mori/  and  others  on  the  utilization  of  foods  with  mired  diets, 
have  led  to  similar  results.  With  the  exception  of  rice,  wheat  bread,  and 
certain  very  finely  divided  vegetable  foods,  it  is  foand  in  general  that  the 
nitrogen  deficit  by  the  faeces  increases  with  a  larger  quantity  of  vegetable 
material  in  the  food« 

The  reason  for  this  is  manifold.  The  large  qoantity  of  cellulose  frequently 
present  in  vegetable  fomls  impedes  the  absorption  of  proteids.  The  greater 
irritation  produced  by  the  vegetable  food  itself  or  by  the  organic  acids 
formed  in  the  fermentation  in  the  intestinal  canal  canses  a  more  violent 
peristalsis  which  drives  the  contents  of  the  intestine  faster  than  otherwise 
along  the  intestinal  canal.  Another  and  most  important  reason  is  the  fact 
that  a  part  of  the  vegetable  protein  substances  seems  to  be  indigestible. 

In  speaking  of  the  functions  of  the  stomach  we  stated  that  after  the 
removal  or  excision  of  this  organ  an  abnndant  digestion  and  absorption  of 
proteids  may  take  place.  It  is  therefore  of  interest  to  learn  how  the  diges* 
tion  and  absorption  of  proteids  go  on  after  the  extirpation  of  the  second 
proteid-digesting  organ,  the  pancreas.  In  this  connection  we  have  the 
observations  on  animals  after  complete  or  partial  extirpation  of  the  gland 
by  Minkowski  and  Abklmakk,  Sakdjceyer,  v,  Habley,  after  destroying 


»  Heidenhain.  PllQger'i  Arch.,  Bd.  48;  Shore,  Lc. 

*  Rulmer,  Zeit*chr.  f.  Biologic,  Bd.  15  ;  Meyer,  ibid,,  Bd.  7;  Hultirren  find  LiiiHli^ri4fi:ti» 
Nord.  iiied,  Arch.,  Bd.  21:  Schuster,  iu  VoU'8  **  Untiraudi.  d.  Kosr/'  eu%.  S.  142; 
CramiT,  Zt-iisthr.  t  physloK  Cheru  .  Bd.  0;  Meiuert,  "  Ueber  ManeuulLbruDg/'  Berlin^ 
1885  ;  Kdloer  nnd  Mori.  Ze{t»cbr.  f.  Biolo^ie,  Bd.  95. 
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the  gland  by  Rosenberg,  and  also  in  man  after  closmg  the  pancreatic  dact 
by  Haeley^  Deucher.  •  In  all  theee  diilerent  caaea  such  discrepant  figaiw 
have  been  obtained  for  the  ntilizationof  the  proteids— between  80^,  after  the 
appareotly  complete  exclasioa  of  pancreatic  jnlce  in  maa  (Deucheb),  and 
18?^  after  extirpation  of  the  gland  in  dogs  (Habley) — that  we  can  hirdJj 
draw  any  clear  concept ien  as  to  the  extent  and  importance  of  the  trypdo 
digestion  in  the  intestine* 

The  carbohydrates  are,  it  seems,  chiefly  absorbed  as  monosaocharidei 
Glncose,  h^vnlose»  and  galactose  are  probably  absorbed  as  such.  The  twa 
disaccharides,  cari^-sagar  aad  nmltose»  ordinarily  undergo  an  inversion  in 
the  intestinal  tract  and  are  converted  into  glucose  and  laevalose.  Lact4>sa 
is  also,  at  least  in  certain  animals,  inverted  in  the  intestine.  Lactose, 
according  to  VoiT  and  Lusk/  is  not  inverted  in  rabbits,  and  is  mainly 
absorbed  as  soch  in  these  animals,  a  part  undergoing  lactic-acid  ferme&ti- 
tion.  An  absorption  of  non-inverted  carbohydrates  is  not  improbable,  afld 
according  to  Otto  and  v.  Meking'  the  portal  blood  contains  teides 
dextrose  a  dextrin-like  carbohydrate  after  a  carbohydrate  diet,  A  part  of 
the  carbohydrates  is  destroyed  by  fermentation  in  the  intestine,  with  tlw 
formation  of  lactic  and  acetic  acids. 

The  difi[erent  varieties  of  SQgars  are  absorbed  with  varying  degreed  of 
rapidity,  bnt  as  a  general  thing  absorption  occurs  very  quickly.  W^itli 
eiperimenta  on  dogs  Albertoni*  found  on  introducing  100  grms,  of  the  | 
sugar  that  during  the  first  hour  there  were  absorbed  00  grms.  dextrose, 
70-SO  grms.  maltose  and  cane-sugar,  and  only  *^0-40  grms.  lactose.  He 
finds  that  lactose  is  relatively  more  readily  absorbed  from  dilute  solutioDa 
than  from  concentrated  ones* 

On  the  introdaction  of  starch  even  in  very  considerable  quantities! 
the  intestinal  tract  no  dextrose  passes  into  the  urine,  which  probablfl 
depends  in  this  case  upon  the  absorption  and  assimilation  and  the  slow 
saccharification  taking  place  simultaneously.  If>  on  the  contrary,  large 
quantities  of  sugar  are  introduced  at  one  time,  then  an  elimination  of  sagar 
by  the  urine  takes  place,  and  this  elimination  of  sugar  is  called  alimeniaty 
glycosuria.  In  these  cases  the  asimilation  of  the  sugar  and  the  absorp- 
tion do  not  occur  at  the  same  time,  hence  the  liver  and  the  remiiim*Dg 
organs  do  not  have  the  necessary  time  to  fix  and  utilize  the  sugar.  This 
glycosuria  may  also  in  part  be  doe  to  the  fact  that  the  introduction  of  con* 


'  Abdmatiti,   **Ut'ber  die  AusiiUlzuiig  der  Nalimogsstoffe  nach  PaakreasexstflxM^ 
tirtii  "  (loaug^-Disseit,  Dorpat,  1890),  cltod  from  Mii]y*ii  Jabresbei,,  Bd.  29  ;  Saudmeyer^^ 
Zcilschr  f.  Blologie.  Bd,  31  ;  Roseuburg.  Pllilgcr'a  Arcb,,  Bd.  70;  Harle}'.  Jouru    ojH 
Pftthol.  and  liHCloiloL.  1805;  Deucher,  Correapond.  Blatt.  f.  Scliweiz.  Aenete,  Bd,  28.^ 

•  ZeiiBclir.  f,  Biolopk,  Bd.  28. 

'  Ollo»  see  Miily*B  Jiilireaber.,  Bd.  17  ;  v.  Meriug,  Du  Bois-Reyuiond*B  Areb.,  1877, 

^  Mfinidre  dc  fic  comporlcr  des  sucres,  etc,  Arcli.  itaL  de  Biol. ,  Tome  15. 
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lerable  quan titles  of  engar  forces  the  Bugar  in  absorption  not  only  in  the 
"ordinary  way  through  the  blood-vessels  to  the  liver  (see  below),  bnt  also  m 
part  by  passing  into  the  blood  circalation  through  the  lymphatic  vessels, 
evading  the  liver* 

That  qnantity  of  sngar  to  which  we  must  raise  the  sugar  partaken  of  to 

produce  an  alimentary   glycosuria  gives,  according  to  IIofmeister,'  the 

€tsBimilai\<m  limit  for  that  same  sugar.     This  limit  is  ditlerent  for  vurioiis 

kinds  of  sugar;  and  it  also  varies  for  the  same  sugar  not  only  io  different 

animals,  but  also  for  different  members  of  the  same  species,  as  also  for  the 

Bame  individual  under  different  circumstauces.     In  general  we  can  say  that 

ia  regard   to  the  ordinary  varieties  of  sugar,  such  as  deitrose,  Imvulose, 

cane-sngar,    maltose,    and   lactose,    the   assimilation   limit   ia    highest   for 

dextrose  and  lowest  for  lactose.     We  must  admit  that  with  an  overabundant 

quantity  of  sngars  in  the  intestinal  tract  the  disaccharidee  do  not  have 

sufficient  time  for  their  complete  inversion;  hence  it  is  not  remarkable  that 

disftccbarides  have  been  found  in  the  urine  in  cases  of  alimentary  glycosuria/ 

From  the  iuveetigatious  of  LuDwitJ  and  v.  M eking  and  others  we  learn 

how   the  sngars  pass  into  the  blood-stream,  namely,  that  they  as  well  as 

bodies  soluble  in  water  do  not  ordinarily  pass  over  into  the  chylous  vessels 

^Lin  meaaurable  quantities,  but  are  in  greatest  part  taken  np  by  the  blood  in 

™the  capillaries  of  the  villi  and  in  this  way  pass  into  the  mass  of  the  blood. 

These  investigations  have  been  confinuetl  by  observations  of  L  Munk  aud 

PEosEXSTEix  '  on  human  beings. 
The  reason  why  the  sugar  and  other  solnble  bodies  do  not  pass  over  into 
the  chylous  vessels  in  appreciable  quantity  is,  according  to  Heidexhaix,* 
to  be  found  in  the  anatomical  conditions,  in  the  arrangement  of  the  capil- 
laries close  under  the  layer  of  epithelium.  Ordinarily  these  capillaries  ^nd 
the  necessary  time  for  the  taking  up  of  tbe  water  and  the  solids  dissolved 

»in  it,  Bnt  when  a  large  quantity  of  liquid,  snch  as  a  sugar  solution,  is 
introduced  into  the  intestine  at  once,  this  is  not  possible,  and  in  these  cases 
a  part  of  the  dissolved  bodies  passes  into  the  chylous  vessels  and  the  thoracic 
duct  (GiNSUERG  and  Rohmann  '). 

The  introduction  of  larger  quantities  of  sugar  into  the  intestine  at  one 
time  can  readily  cause  a  disturbance  with  diarrheal  evacuatious  of  tbe 
intestine.  If  the  carbohydrate  ia  introduced  in  the  form  of  starch,  then 
very  large  quantities  may  be  absorbed  without  causing  any  disturbancej  and 

>  Arcb,  f.  otp.  Path,  u,  Pbarm.,  Bdd.  55  aod  26. 

■  For  the  literature  io  regard  to  the  passage  of  various  kinds  of  sugars  into  the  urine 
^C.  Volt.  Ueber  die  Olykogenbilduug,  ZeUschr.  t  Bioiogle.  Bd,  28,  and  F.  Voit,  foot- 

i2,  page  216 

■  V.  Mering.  Du  BoisReymund's  Arelu*  1877 ;  Muak  and  RoBenstein,  1.  c. 
*  PflQi*er's  Arch,,  Bd.  43,  Suppl. 
»  Ginsberg,  Pfltlger's  Arch,,  Bd.  44  ;  RChmaon,  ibid.,  Bd.  41, 
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the  absorptioQ  may  be  very  complete,  Rubneb  foand  the  following:  Ud 
partaking  508-070  grms.  carbohydrates,  as  wheat  bread,  per  day  the  part  riot 
absorbed  amounted  to  only  0.8-2.6;^.  For  peas,  where  357-588  grma.  weic 
eatea,  the  loss  was  3,6-7,^,  aad  for  potatoes  (718  grms.)  7,6,^.  Constax- 
TINIDI  found  on  partakiug  367-380  grma.  carbohydrates,  chiefly  as  potatoes, 
a  loss  of  only  0.4-0.75^.  In  the  experiments  of  Rcbxer,  as  also  d 
IIuLTGREN  and  Landergren/  with  rye  bread  the  utilization  of  carbo- 
hydrates was  less  complete,  althoogh  the  loss  in  a  few  cases  rose  even  ti^ 
10.4-10<9^.  It  at  least  follows  from  the  experiments  made  thug  far  thai 
man  can  absorb  more  than  500  grms.  carbohydrates  per  diem  witboat 
difticnlty. 

We  generally  consider  the  pancreas  as  the  most  important  organ  in  the 
digestion  and  absorption  of  amylaceona  bodies*  and  it  is  a  question  how 
these  bodies  are  absorbed  after  the  extirpation  of  tlie  pancreas.  As  oa  the 
absorption  of  proteids,  bo  also  on  the  absorption  of  starch  the  obserrations 
have  given  variable  results.  In  certain  cases  the  absorption  was  nearly 
7^7,  while  in  others  it  was,  on  the  contrary,  rather  impaired,  and  with 
dogs  devoid  of  pancreas  it  has  been  fonnd  that  the  starch  partaken  was 
decreased  50^^  (Rosenberg,  Cavazzan-i*), 

Emulsification  seems  to  be  of  the  greatest  importance  in  the  absorptioQ 
of  fats,  and  this  emulsion  occurs  in  the  chyle  on  the  introduction  into  the 
intestine  of  not  only  neutral  fats,  hut  also  of  fatty  acids.  The  fatty  acida 
do  not  exist  as  such  in  the  emulsilied  fat  of  the  chyle*  The  investigationa 
of  L  MuNK,  later  confirmed  by  others,'  have  shown  that  the  fatty  acida 
undergo  in  great  part  a  synthesis  into  neutral  fats  in  the  walls  of  the  mte»- 
tine,  and  carried  as  such  hj  the  stream  of  chyle  into  the  blood. 

The  assnmption  that  the  fat  is  absorbed  chleiy  as  an  emulsion  is  parti? 
based  on  the  abundance  of  emiileified  fat  in  the  chyle  after  feeding  with  fat, 
and  partly  on  the  fact  that  a  fat  emulsion  is  often  found  in  tlic  intestind 
after  such  food.  As  an  abundant  cleavage  of  neDtral  fats  occurs  in  tboj 
intestinal  canal,  and  also  as  the  fatty  acids  do  not  occur  in  the  chyle  as  such, 
but  as  emulsified  fat  after  a  synthesis  with  glycerin  into  neutral  fats,  it  is 
to  be  doubted  whether  the  emulsified  fat  of  the  chyle  originates  from  on 
absorption  of  emulsified  fat  in  the  intestine  or  from  a  subsequent  emulsifi- 
cation  of  neutral  fats  formed  synthetically.  This  doubt  has  greater 
warrant  in  that  Frank  *  has  shown  that  the  fatty  acid  ethyl  ester  is  abuii^ 


I  Huboer,  Zeitacbr  1  Blolog-ie,  Bdd.  15  and  19  ;  Constantinldi.  iWa..  Bd.  ^  ; 
greu  aud  Laudergren,  I.  c. 

»  Cavazziml  Ceoiralbl,  f.  Physiol.,  Bd.  7.     See  also  fool-Qoto  !♦  page  80^. 

■  Muuk.  Virchow'a  Arch.,  Bd.  80.  See  also  v.  WalUier.  Du  Bois.Reymond't  Arch,,l 
\m\\  Minkowski,  Arcb.  f.  exp.  Path.  u.  Pb&rm.,  Bd.  21  \  Frank,  Zeitschr.  f.  BiologioJ 
Bd.  30 

*  Zdtachr.  f .  Bialogie,  Bd.  36. 
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ilantly  taken  tip  by  the  cbjle  from  tlie  intestine,  not  aa  Bucb,  but  as  split^oS 
iattj  acids  from  which  then  the  neutral  emulsified  fats  of  the  chyle  aro 
formed. 

The  assumption  of  an  absorptton  of  the  fats  as  an  emulsion  cod  trad  reta 
the  fact  as  above  stated,  page  '302,  that  an  emnlsion  produced  by  means  of 
aoaps  is  only  permanent  in  an  alkaline  liquid  and  therefore  it  is  hardly 
poaaible  for  such  an  emulsion  to  form  in  the  intestine  as  long  as  it  is  acid* 
It  is  nevertheless  }>o.-sible  that  the  pancreatic  juice  by  means  of  the  i>roteid 
it  contains  may  have  au  emulsifying  action  even  in  an  acid  reaction 
(KuHNE*);  on  the  other  hand  we  know  of  cases  (Ludwiq  and  Casu^  and 
others)  (in  dogs  after  partaking  food  rich  in  fat)  in  which  an  absorption  of 
fat  took  place  from  the  acid  intestiual  contents  despite  the  absence  of  an 
emulsion  in  the  intestine.  In  order  to  explain  snch  a  case  it  has  been  ad- 
gumed  that  the  emulsification  took  place  first  on  the  surface  of  the  intesti- 
nal mucosa  by  the  action  of  its  alkaline  secretion.  Moore  and  Rock  wood  * 
give  another  explanation.  Accord iug  to  them,  the  absorption  of  fat  from  the 
acid  intestinal  contents  is  essentially  due  to  the  solvent  action  of  the  bile 
for  free  fatty  acids.  The  neutral  fats  are  split  and  the  free  fatty  acids  are 
in  part  absorbed,  dissolved  as  such  by  the  bile,  an<l  in  part  combined  with 
alkalies,  forming  soaps.  Neutml  fats  are  regenerated  from  the  fatty  acids, 
and  the  alkali  Bet  free  from  the  soaps  is  secreted  back  again  into  tlie  intes- 
tine aud  used  for  the  re-formation  of  soaps.  This  view,  which  stands 
in  accord  with  several  observations,  is  worthy  of  the  greatest  consideration. 
At  all  events  it  is  certain  that  the  greatest  part  of  the  fats^ — according  to 
certain  investigators  all  neutral  fats — is  split  in  the  intestine,  and  also  that 
the  formation  of  soaps  is  one  form  of  the  absorption  of  the  fata. 

The  next  qnestion  is  whether  all  the  fat  or  the  greater  part  of  the  same 
puses  to  the  blood  through  the  lymphatics  and  the  thoracic  duct.  Accord- 
ing to  the  researches  of  Waltheh  and  Frank  *  on  dogs,  it  seems  that  only 
a  small  part  of  the  fats,  or  at  least  of  the  fatty  acids,  fed,  passes  into  the 
chylous  vessels;  but  these  observations  can  hardly  be  applied  to  the  absorp- 
tion of  neutral  fats,  or  to  the  absorption  in  man  under  normal  circumstances. 
MuNK  and  Hosexstein  *  in  their  investigations  on  a  girl  with  lymph  fistula 
found  60^  of  the  fat  partaken  of  in  the  chyle,  and  of  the  total  quantity  of 
fat  in  the  chyle  only  4-5 j^  existed  as  soaps.  On  feeding  with  a  foreign 
fatty  acid,  such  as  erucic  acid,  they  found  37^  of  the  iutroduced  body  as 
neutral  fat  in  the  chyle. 

The  completeness  with  which  fats  are  absorbed  depends,  under  normal 

•  LfcLrbucb  d.  pbystoL  Clieni.,  S.  122. 

*  Da  BuiS'Reymi>Dd*s  Ardi.,  1880* 

•  Jouru.  of  Pbysiol.,  Vol.  21, 

*  Walllter,  1.  c;  Frank.  Dii  Bo[s>HtymoDd 'S  Arcb.,  189i, 
■  Vircliuw**  Arch.,  Bd.  133. 
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conditions,  essentially  upon  the  kind  of  fat.  In  this  regard  we  kDot» 
especially  from  the  inveatigatioDa  of  McNK  aud  Arnschink/  that  thf 
Tarieties  of  fat  with  high  meltiiig-pointa,  such  as  niuttoa  taUow  aa4 
especially  steariu,  are  not  bo  completely  absorbed  as  the  fats  with  low  melt- 
ing'poiuts,  such  as  hog-  and  goose-fat,  olive-oil,  etc*  The  kind  of  fatajsa 
kaa  an  inflaence  upon  the  rapidity  of  absorption,  as  Munk  and  Hosensteix 
found  that  solid  mutton-fat  was  absorbed  more  slowly  than  fluid  lipaiittu  I 
The  extent  of  absorption  in  the  intestinal  tract  is,  under  physiological  coa- 
ditious,  very  couaiderable.  In  a  case  of  a  dog  investigated  by  Voir  he  fouod 
that  out  of  350  grms.  of  fat  (butter)  partaken,  34G  grms.  were  absorbed  iu 
the  intestinal  canal,  and  according  to  the  investigations  of  Rubxer'  the 
human  in  tea  tine  can  absorb  over  300  grms.  fat  per  diem.  The  fat*  are, 
according  to  Rubner,  much  more  completely  absorbed  when  free,  in  the 
form  of  batter  or  lard,  than  when  enclosed  in  the  cell-membranes,  aa  in 
bacon, 

Claude  Bebnard  showed  long  ago  with  experiments  on  rabbits  in 
which  the  choledochus  duct  was  introduced  in  the  small  intestine  above  the 
pancreatic  duct,  that  after  food  rich  in  fats  the  chylous  vessels  of  the  inteft* 
tine  above  the  pancreas  passages  were  transparent,  while  below  they  were 
milk-white*  and  also  that  the  bile  can  produce  an  absorption  of  the  emalfii- 
fied  fat  without  the  pancreatic  juice*     Dastre*  has  performed  the  reverse 
experiment  on  dogs,  namely,  he  tied  the  choledochus  duct  and  adjusted  a 
biliary  fistula  so  that  tfie  bile  llowed  into  the  intestine  below  the  month  of 
the  pancreatic  p^issages.     On  killing  the  animal  after  a  me^l  ricfi  in  fat  the 
chylous  vessels  were  first  found  milk-white  below  the  discharge  of  the  biliarj 
fistula.     From  this  Dastre  draws  the  conchision  that  a  combined  action 
of  the  bile  and  pancreatic  juice  is  important  in  the  absorption  of  fats^a 
conclusion  which  stands  lu  good  accord  wtih  the  experience  of  many  oUiers. 

Through  numerous  observations  of  many  investigators,  such  as  BiDDElL 
and  Schmidt,  Vuit,  Rohmaxn,  Fr.  JklCu.ER,  L  Mikk/  and  others,  it  has 
been  shown  that  the  exclusion  of  the  bile  from  the  intestinal  tract  diminishes 
the  absorption  of  fat  to  such  an  extent  that  ouly  \  to  about  ^  of  the 
quantity  of  fat  ordinarily  absorbed  undergoes  absorption.  In  icterus  with 
entire  exclusion  of  tlie  bile  a  considerable  decrease  in  the  absorption  of  fat 
is  noticed.  As  under  normal  conditions,  so  also  in  the  abaetice  of  brie  iu 
the  intestine  the  more  readily  melting  parts  of  the  fats  are  more  completely 
absorbed  than  those  which  have  a  high  melting-point.  I.  Munk  found  in 
Ins  experiments  with  lard  and  mutton  tallow  on  dogs  that  the  absorption  of 

1  Miink»  Vircliow'n  Ardi,,  Bdd,  80  nnd  &5 ;  ArnscbiDk,  ZeRscLr.  f,  Biologte.  Bd.  98. 

*  YotU  (bid.,  Bti  9;  Rubner.  lOuL,  Bd.  15. 
»  Arch,  de  Physiol  ihi  Tome  2. 

*  F.  MGHlt,  Sitzimgsber  da  plijs.-nied.  GeBcllscb,  zn  WUrzburg.  1885;  I.   Munk, 
Vlrchow't  Arch.,  Bd.  122*     Se«  also  foot-nolc  4.  piigo  298,  aud  foot-note  1,  page  289. 
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le  high  melting  tallow  was  redaced  twice  as  much  as  the  lard  on  the 

excltiBion  of  the  bile  from  the  intestine. 

^      "We  also  learn  from  the  imrestigationa  of  Rohmakn  and  L  Munk  that 

^■n  the  absence  of  bile  the  relationship  between  fatty  acids  and  neatral  fata 

is  changed,  namely,  about  80-90*^  of  the  fat  existing  in  the  faeces  consists 

of   fatty  acid,   while  under  normal  cooditiona  the   fieces  contain   1   part 

neatral  fat  to  about  *2-2|  parts  free  fatty  acids.     We  cannot  positively  state 

how  this  relatively  increased  qnantity  of  fatty  acids  in  the  fat  of  the  f^^cea 

is  prodaced  on  the  exclusion  of  the  bile  from  the  intestine.     According  to 

the  inTestigations  of  Muxk  it  does  not  in  the  least  depend  npon  the  fiict 

that  the  fatty  acids  are  less  readily  absorbed  than  the  nentral  fats»  for  jnet 

■the  reverse  is  the  case. 
There  is  no  donbt  that  the  bile  is  of  great  importance  in  the  absorption 
of  fats*     Still  there  is  also  no  doobt  that  rather  coneiderable  i^imntities  of 
fat  may  be  absorbed  from  the  intestine  in  the  absence  of  bile.     What  rehition 
does  the  pancreatic  juice  bear  to  this  question  ? 

ITpon  this  point  a  rather  large  number  of  observations  on  animals  have 

(been  made  by  Abelmann  and  Minkowski,  Sandmkyer,  TIarley,  Rosen- 
berg, Hedok  and  Yille,  and  also  on  man  by  Fr*  MCller  and  DEUcnER.* 
In  all  these  investigations  a  more  or  less  diminished  absorption  of  fat 
was  observed  after  the  extirpation  or  destruction  of  the  gland,  or  the 
exclusion  of  the  juice  from  the  intestine.  The  results  are  very  diverse  aa 
to  the  extent  of  this  diminution,  as  in  certain  cases  no  absorption  of  fat  waa 
observed,  while^  on  the  contrary,  a  considerable  absorption  was  noted  in 
the  same  class  of  animal  (dog)  and  even  in  the  same  animal.  According 
to  Minkowski  and  Abelmann,  after  the  total  extirpation  of  the  pancreas 
the  fat  of  the  food  introduced  is  not  absorbed  at  all,  with  the  exception  of 
milk,  of  which  28-53^  of  its  fat  is  absorbed.  Other  investigators  have 
obtained  other  results,  and  Harley  has  observed  a  case  where  in  a  dog  an 
^absorption  of  only  A^  of  the  milk-fat,  or,  on  the  conijdete  exclnsion  of  in- 
H  testinal  bacteria,  even  no  absorption,  took  place.  The  conditions  may  be 
somewhat  different  in  the  dillerent  cases;  but  it  is  certain  that  the  absence 
of  pancreatic  jaice  from  the  intestine  essentially  affects  the  fat  absorption. 
It  is  also  just  as  certain  that  the  absorption  of  fat  is  most  abundant  in  the 
simoltaneons  presence  of  bile  as  well  as  pancreatic  juice  in  the  intestine. 
A  little  fat  may  still  be  absorbed  even  in  the  absence  of  these  two  fluids 
(IIedon  and  Ville).  Cunningham  *  has  given  further  proof  that  a  slight 
absorption  of  fat  takes  place  (even  when  introduced  as  oil  and  not  as  milk) 

»  Mnller.    '^Unter.  liber  deo  Icteru»/' Zeii&cbr,  f.  klip.  Med.,  Bd,   12;    HMoe  tmd 
Ville,  Arch,  de  Physiol  (5;,  Tome  U;  Harley.  Journ.  of  Pbyaiol.,  Vol.   18,  Juuro.  of 
iPathoL  aad  Bacterigl.,  1895,  iind  Proceed.  Hoy.  Soc,,  Vol.  61.     Id  regard  lo  llie  ether 
KQlbors  flee  foot-noic  1,  pnge  308« 
»  Journ.  of  PbysioK,  Vol.  28. 
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on  the  complete  eiclasion  of  the  bile  as  well  as  the  pancreatic  jnlce  from 
the  intestine. 

The  reason  why  the  fat  absorption  is  diminished  in  the  absence  of  Vila 
or  pancreatic  juice  from  the  intestine  is  not  clear.  The  moat  ordinuy  i 
view  18,  that  to  fonii  an  enialsioD  of  the  fat  a  part  of  the  same  most  be  splil 
by  the  action  of  the  pancreatic  juice,  and  that  this  action  is  accelerated  bj 
the  bile.  It  must  also  be  added  that  the  bile  is  a  good  solvent  for  the  fattjf 
acids  set  free,  Tlie  reason  for  the  imperfect  absorption  of  fat  is  not  to  be 
flonght  in  the  diniitiished  cleavage  of  neutral  fata,  as  the  non-absorbed  fat  of 
the  faeces  consists,  on  the  exclnsion  of  bile  and  pancreatic  jnice  (MiiiKOWSKi 
and  Abblmann,  Harley,  Hbdon  and  Ville,  pEurnER),  chiefly  of  free 
fatty  acids.  A  still  unknown  change  caused  by  micro-organisms  or  other- 
wise may  produce  a  cleavage  of  the  fat  in  these  cases.  The  imperfect  fat 
absorption  after  the  extirpation  of  the  panoreaa  can  possibly  be  explained 
by  the  removal  of  a  considerable  part  of  the  alkalies  necessary  for  tire 
formation  of  the  emulaion  and  for  the  solution  of  the  fatty  acids,  but  as 
Sandmeyeu  found  in  pancreaBless  dogs  that  the  fat  absorption  was  raised 
by  giving  chopped  pancreas  with  the  fat,  this  can  hardly  be  a  sofficient 
explanation.  It  has  also  been  assumed  that  it  is  chiefly  the  proteids  iti  the 
pancreatic  juice  which  cause  the  emulsification,  and  that  the  diminished  fat 
absorption  after  extirpation  of  the  pancreas  is  explained  in  this  way.  The 
reasons  snggested  are  nevertheless  insuMcient,  but  we  must  not  forget  the 
fact  that  an  abundant  absorption  of  fat  is  also  possible  in  the  absence  of  id 
emulsion  in  the  intestine. 

Harlet  *  has  performed  a  partial  extirpation  of  the  large  intestine,  and 
also  a  total  extirpation.  The  total  extirpation  caused  a  considerable 
increase  in  the  faeces,  chiefly  because  of  a  fivefold  increase  of  water*  F»t 
and  carbohydrates  were  normally  absorbed.  The  absorption  of  proteidfl,on 
the  contrary,  was  considerably  decreased  to  only  84,^,  as  compared  with 
93-98^^  in  normal  dogs.  In  the  fseces,  after  extirpation,  no  urobilin  or  only 
traces  were  found,  while  the  bile-pigments  existed  to  a  great  extent. 

The  soluble  salts  are  also  absorbed  with  the  water.     The  proteids,  which  j 
can  dissolve  a  considerable  quantity  of  salts,  such  as  earthy  phosphate,' 
which  are  otherwise  insoluble  in  alkaline  water,  are  of  great  importance  ia 
the  absorption  of  snch  salts. 

The  soluble  constituents  of  the  digestive  secretions  may,  like  other  dia- 
fiolYel  bodies,  be  absorbed,  as  is  demonstrated  by  the  passage  of  peptone 
into  urine;  the  enzymes  may  also  be  absorbed.  The  occurrence  of  urobilin 
in  urine  attests  the  absorption  of  the  bile-constituents  nnder  physiological 
conditions  despite  the  fact  that  the  occurrence  of  Tery  small  traces  of 
bile-acids   in  the  urine  is  disputed.     The  abnorption  of  bile-a€:rids  by  the 
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intestine  seema  to  be  positively  proved  by  other  obaervatioufl.  Tap- 
FEIKEB*  introdacetl  a  solution  of  bile-salts  of  a  known  conceDtration  mto 
an  intestinal  knot«  and  after  a  time  jayestigated  the  contents.  lie  found 
that  iu  the  jejonomand  tbe  ileom,  but  not  in  the  duodeuum,  an  absorption 
of  bile-acids  took  place,  and  further  that  of  the  two  bile-acids  only  the 
glycocholic  acid  was  absorbed  in  the  Jejunum.  Further^  ScniFF  long  ago 
expressed  the  opinion  that  bile  oiidergoes  an  intermediate  circulation,  in 
such  wise  that  it  is  absorbed  from  the  intestine,  then  carried  to  the  liver  by 
the  bloody  and  lastly  eliminated  from  the  blood  by  this  organ.  Although 
this  view  hiiS  met  with  some  opposition,  ^still  its  correctness  seems  to  be 
established  by  the  researches  of  various  investigators,  and  more  recently  by 
PREVOST  and  BiXET,  as  also  and  specially  by  Stadelmanx  and  his  pupils.* 
After  the  introduction  of  foreign  bile  into  the  intestine  of  an  animal  the 
foreign  bile-acids  appear  again  in  the  secreted  bile. 

Little  is  known  concerning  the  forces  taking  part  in  absorption. 
Osmosis  and  filtration  were  formerly  considered  as  the  most  importaut 
factors.  Later  we  have  become  more  and  more  inclined  to  Hoppe-Seyler's* 
views,  namely,  that  absorption  is  in  great  part  a  process  connected  witli 
the  vital  properties  of  the  cells.  This  view  has  been  strongly  emphasi^^ed 
by  Heidenhaik,  based  especially  on  his  own  observations,  but  also  on  thoa© 
of  his  pupils/  According  to  IIeidenhaix  a  special  physiological  motive 
force  exists  in  tbe  cells  besides  which,  nnder  certain  circumstances  osmosis 
may  act,  but  which,  under  other  circnmstances,  may  bring  about  an  ab- 
soqition  with  the  complete  exclusion  of  osmosis.  It  would  lead  ns  too  far 
to  go  deeper  into  this  subject.  In  regard  to  these  questions  we  mast  refer 
the  reailer  to  tbe  special  works  and  to  text-hooks  on  physiology. 


»  Wien.  SilEungsber,,  Bd.  77. 

•Scblff.  Pflnger's  Arch-,  Btl  8;  Prevo^l  and  Bloel.  Compt  rend.,  Tome,  106; 
Siadelnmon,  see  r(x>t  note  2.  pftge  235. 

•Fliyaoi.  Cbem,.  8.848. 

^  Heidenliiiin,  PtlQger's  Arch..  Bdd.  43  and  45  ;  with  bis  pupils:  RObrnfton,  ihid,^ 
Bd.  41  ;  Gumllewski,  ibid.,  Bd.  SO.  See  also  Hamburger,  Du  Bois  Reymona's  AicIi.a 
1896,  and  O,  Colinbelm,  Zellschr.  f.  Biologie,  Bd.  86. 
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TIBBUES  OF  THE  CONNECTIVE  SUBSTANCE. 


!•  The  Connective  Tissues, 

The  form-elements  of  the  typical  connective  tissues  are  cells  of  various 
kinds,  of  a  not  very  well  known  chemical  composition,  and  gelatin-yielding 
fibrils,  whichj  like  the  cells,  are  imbedded  in  an  interstitial  or  intracellular 
substance.  The  fibrils  consist  of  colltigen.  The  interstitial  substance  con- 
tains chiefly  imtcin  besides  serglobulin  mid  seralbumin,  which  occur  in  the 
parenchymatous  fluid  (Loebisch  '). 

The  connective  tissue  also  often  contains  dhres  or  formations  consisting 
of  elastin,  sometimes  in  such  great  quantities  that  the  connective  tissue 
is  transformed  into  elastic  tissue.  A  third  variety  of  fibres,  the  reticular 
fibres,  also  occur,  and  according  to  Siegfried  these  consist  of  reticuUn. 

If  finely  divided  tendons  are  extracted  in  cold  ivater,  the  albuminous 
bodies  soluble  in  the  nutritive  fluid  in  addition  to  a  little  mucin  are  dissolved. 
If  the  residue  is  extracted  with  half-stitunited  lime-water,  then  the  mucin  is 
dissolved  and  may  be  precipitatetl  from  the  filtere<l  extract  by  saturating 
with  acetic  acid.  The  digested  residue  contains  the  fibrils  of  the  connective 
tissue  together  with  the  cells  and  the  elastic  substance. 

The  fibrils  of  the  connective  tissue  are  elastic  and  swell  slightly  in  water* 
somewhat  more  in  dilute  alkalies  or  in  acetic  acid.  On  the  other  hand, 
they  shrink  by  the  action  of  certain  metallic  salts,  such  as  ferrous  sulphate 
or  mercuric  chloride,  and  tannic  acid,  which  forms  an  insoluble  combination 
with  the  collagen.  Among  these  combinations,  which  prevent  putrefaction 
of  t)ie  collagen,  that  with  tannic  acid  has  been  found  of  the  greatest  techni* 
eal  importance  in  the  preparation  of  le4ither.  In  reganl  to  tendon  mucin 
"1  jiat^e  45,  and  in  regard  t^o  collagen,  gelatin^  elastin,  and  reticuUn.  pagea 

"be  ti^ues  described  under  the  names  mucous  or  ffelatinmM.^  tissue*  qc^^ 
Arircd  more  by  their  physical  than  their  chemical  px-oy^TWea  ^^^^^^"^^j^-^ 
little  studied.     So  much,  however,  is  known,  tl-^aJu  t%feW\^iQvv 


tissues  contain,  at  least  in  certain  cases,  as  ii^^ 


X^\e      ^^^^- 


X.^x 


^Ztltmhr.  t  physl^l.  Chem.,  Bd.  10. 


^V^ 


CAUTILAQM. 
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The  umbilical  cord  is  the  moat  accesBible  material  for  the  investigation 
of  the  chemical  constituents  of  the  gelatinous  tissues.     The  mucin  occurring 
thoTein  has  been  described  on   page  45.     C.    Th.  MfiRNEH '  has  found  a 
ffit4€0id  in  the  vitreous  humor  which  contains  12.27,<  nitrogen  and  1*19^ 
K«tilphur. 

W         Young  connective  tissue  is  richer  in  mucin  tijan  old.     Ualliburton* 

'^vind  au  average  of  7.66  p.m*  mucin  in  the  skin  of  very  young  children 

j^^d  only    3.85   p.m,  in  the  skin  of  adults.     In  so-called  myxoedema,  in 

■^Viich  a  reformation  of  the  connective  tissue  of  the  skin  takes  place,  the 

^i'-iantity  of  mucin  is  also  increased. 


I 


II*  Cartilaj^e. 


Cartilaginous  tissue  consists  of  cells  and  an  originally  hyaline  matrix, 

"^"liicb,  liowever,  may  become  changed  in  such  wise  that  there  appears  in  it  a 

etwork  of  elastic  fibres  or  connective- tissue  fibrils. 

Those  cells   that  otTer  great   resistance   to  the  action  of  alkalies   and 

^ciiia   have   not  been  carefully  studied.     According  to  former  views,  the 

Beatrix  was  considered  as  consisting  of  a  body  analogous  to  collagen »  so- 

H'^^Ued  chondrigen.     The  recent  investigations  of  Mokochowetz  and  others, 

V  tut  especially   those  of   C.  Tn.   MOrxer/   have  shown  that    the  mulrlx 

of  the  cartilage  consists  of  a  mixture  of  collagen  with  other  bodi^. 

■  The  tracheal,  thyroideal,  cricoidal,  and  arytenoidal  cartilages  of  full- 
grown  cattle  contain,  uccording  to  Morner,  four  constituents  in  the 
matrix^  namely,  ekofidromueoid^  chondroitin-sulphuric  acid,  collag&n,  and 
an  albnmhwiiL 

Chondromucoid.     This  body^  according  to  Mornbb,  has  the  composition 

rO  47.30,  H  6.42,  N  12.58,  S  2.42,  0  31.28^.  Sulphur  is  in  part  loosely 
combined  and  may  be  split  off  by  the  action  of  alkalies,  and  a  part  separates 
as  sulphuric  acid  when  boiled  with  hydrochloric  acid.  Chondromucoid  is 
decomposed  by  dilute  alkalies  and  yields  alkali  albuminate,  peptone  sub- 

(stances,  chondroitin-sulphuric  acid,  alkali  sulphides,  and  sonic  alkali 
sulphates*  On  boiling  with  acids  it  yields  acid  albuminate,  peptoue  sub- 
stances, chondroitin-sulphuric  acid,  and  on  account  of  the  further  decompo- 
sition of  this  last  body  sulphuric  acid  and  a  reducing  substance  are  formed, 
Chondromucoid  is  a  white,  amorphous,  acid-reacting  powder  which  is 
insoluble  in  water,  but  dissolves  easily  on  the  addition  of  a  little  alkali. 
This  solution  is  precipitated  by  acetic  acid  in  great  excess  and  by  small 


'Zeitacljr  f.  pbysiol  Cbem..  Bd.  18,  S.  250. 

•  Mucin  ill  My xoedema.     Further  ADJilysea,     Kings  CoUege.     Collected  Papers  No.  1, 

'  Morcjchowetz,  Verbftod!.  tl.  nattirh.  raed.  Verelna  zu  Heidelberg,  Bd,  1,  Heft  5; 
MOrner,  Skand.  Arch.  f.  pbysioL^  Bd.  1. 
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quantities  of  mineral  acids,  Tho  precipitation  nnxy  bo  retarded  by  noutaT 
Balis  or  by  chrondroi tin-sulphuric  acid.  The  solution  containing  KaCl  aad 
acidified  with  IICl  is  not  precipitated  by  potassium  ferrocyanide.  Precipi- 
tants  for  choudromucoid  are  alum,  ferric  cldoride,  sugar  of  lead  or  basic  load 
acetate.  Chondromacoid  is  not  precipitated  by  tannic  acid,  and  it  miiy  by 
its  presence  preveat  the  precipitation  of  gelatin  by  this  acid.  It  givi^s  the 
usual  color  reactiona  for  proteids,  oamoly,  with  nitric  acid,  witii  copper  sul- 
phate and  alkali,  with  Million's  and  Adamkiewicz's  reagents. 

Chondroitin-sulphuric  Acid,  ciiondeoitic  acid.  This  acid,  whicb  was 
first  prepared  pure  from  cartilage  by  C.  Th.  Murxer  and  identified  by 
him  as  an  ethereal  sulphuric  acid,  occurs  according  to  Morskr  in  all 
varieties  of  cartilage  and  also  in  tho  tunica  intima  of  the  aorta  anJ  u 
traces  in  the  bone  substance.  According  to  Krawkow,  who  found  it  in  the 
cervical  ligument  of  the  ox,  it  combines  with  proteid  forming  amyloid 
(see  page  49)^  w^hich  explains  the  occurrence  of  this  body  in  amyloid4e- 
generated  livers  as  observed  by  Oddl'  According  to  Schmiedeberg*  tlie 
acid  has  the  formula  C,,II,,NSOj,.  In  regard  to  the  chemical  constitutioa 
of  this  acid  the  investigations  of  Sciimiedeberg  have  led  to  the  following: 

As  first  products  this  acid  yields  on  cleavage  sulphuric  acid  and  a  nitrog- 
enous substance,  chondroiiin^  according  to  the  following  equation: 

C.,H.,NSO„  +  H,0  =  H,SO.  +  O..H.,NO., 

Ghondroitin,  which  is  similar  to  gum  arabic  and  which  ia  a  monobasic  aeid, 
yields  acetic  acid  and  a  new  nitrogenous  substance,  chondraaiu,  as  cleavage 
products,  on  decomposition  with  dilute  mineral  acids: 

C,.H„NO,.  +  3n,0  =  3C,1I.0.  +  C.,H..NO,.. 

Chondrosin,  which  is  also  a  gummy  substance  soluble  in  water^  is  a  mono- 
basic acid  and  reduces  copper  oxido  in  alkaline  solution  even  more  strongly 
than  dextrose.  It  is  dextrogyrate  and  represents  the  reducing  substance 
obtained  by  previous  investigators  in  an  impure  form  on  boiling  cartilage 
with  an  acid.  The  proilucts  obtained  on  decomposing  chondrosiu  with 
barium  hydrate  tend  to  show  that  cbondrosin  contains  the  atomic  groups  of 
glycuronic  acid  and  gloeosamiue. 

Chondroitin-sulphuric  acid  appears  as  a  white  amorphous  powder,  which' 
dissolves  very  easily  in  water,  forming  an  acid  solution  and,  when  sufficiently' 
concentrated,  a  sticky  liquid  similar  to  a  solution  of  gum  arabic.  Nearly  all 
of  its  salts  are  soluble  in  water.  The  neutralized  solution  is  precipitated  by 
tin  chloride,  basic  lead  acetate,  neutral  ferric  chloride,  and  by  alcohol  in  thi 


I 


^  C.  M5rner.  1.  v.,  mil  ZeitBchr.  f.  pbysiol.  Cbem.,  Bdd,  20 bdcI  23  ;  K,  MOrner.  Sk&ad, 
Atch.  t  Phyaiol,  Bd,  e  ;  Krawkow,  Arck  f.  exp.  Path,  u.  Pkarm.,  Bd,  40  ;  Oddi.  i^*d., 

Bd.  as, 

•Arch.  f.  exp.  Path  u.  Phurm.,  Bd.  28. 
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presence  of  a  little  neutral  salt.  The  solution,  on  the  other  hunJ,  is  not 
precipitated  by  acetic  iicid,  tannic  acid,  potassium  ferrocyanide  and  acid, 
sngar  of  lead,  mercuric  chloride,  or  silver  nitrate.  Acidified  solutions  of 
alktdi  choodroi tin-sulphates  cause  a  precipitation  when  added  to  solutions  of 
*;elatin  or  proteid* 

Chondronmcoid  and  chondroitin-sulphtinc  acid  may  be  pri^pared  accord- 
ing to  MoKNER  by  extracting  finely  cut  cartilage  with  water,  wliich  dissolves 
the  preformed  chondroi tin-sulphuric  acid  besides  some  chondronmcoid.  In 
this  watery  extract  the  chondroi  tin -sulphuric  acid  prevents  the  precipitation 
of  the  ehondronuicoid  by  means  of  an  acid.  If  2-4  p.  m.  11  (1  is  added  to 
this  watery  extract  and  warmed  on  the  w^ater-bath,  ilie  chondramiicoid  grad- 
ually separates,  while  the  chondroitin-sulphnric  acid  and  the  rest  of  the 
chondromucoid  remain  in  the  filtrate.  If  the  cartilage,  whieii  hits  been 
lixiviated,  at  the  temperature  of  the  body,  with  water,  is  extracted  with 
hydrochloric  acid  of  2-3  p.  m.  until  the  colhigen  ia  converted  into  gehitiu 
and  dissolved,  tlie  remaining  chondromucoid  may  be  removed  from  the  in- 
soluble residue  by  dihvte  alkali  and  precipitated  from  the  alkaline  extract 
by  an  acid.  It  may  be  purified  by  repeated  solution  in  water  with  the  aid  of 
a  little  alkali,  precipitating  by  an  acid  and  then  treating  with  alcohol  and 
ether. 

The  pre-existing  chondroitin-sulphuric  acid,  or  that  formeti  by  the  de- 
composition  of  chondromucoid,  is  obtained  by  lixiviating  the  cartilage  with 
a  5^  caustic-alkali  solution.  The  alkali  albuminate  formed  by  the  decom- 
position of  the  chondromucoid  can  be  removed  from  the  solution  by  neutral- 
ization, tlien  the  peptone  precipitated  by  tannic  acid,  the  excess  of  this  acid 
removed  wn'th  sugar  of  lead,  and  the  lead  separated  from  the  filtrate  by  H,S, 
If  further  purification  is  necessary,  tho  acid  is  precipitated  with  alcohoh  the 
precipitate  dissolved  in  water,  this  solution  dialyzed  and  preeipiUitetl  again 
with  alcohol, — this  solution  in  water  and  precipitating  with  alcohol  being 
repeated  a  few  times, — and  lastly  the  Jicid  is  treated  with  alcohol  and  ether. 

ScuMiKDEHERcj  prepared  the  acid  from  the  septum  narium  of  the  pig 
according  to  the  following  method :  The  finely  divided  cartilage  is  first  ex- 
posed to  artificial  pepsin  digestion  and  then  carefully  washed  with  water  and 
the  insoluble  residue  treated  with  2-3^  hydrochloric  iMiid.  This  cloudy 
liquid  containing  hydrocblorie  acid  is  precipitated  with  alcohol  (about  \  vol.) 
and  the  clear  filtrate  treated  wnth  absolute  alcohol  and  some  etlier.  The 
precipitate,  consisting  chiefiy  of  a  combination  or  a  mixture  of  cbondroitin- 
sulphuric  acid  and  gelatin  peptone  (pepto-cbondrin)>  ia  first  washed  with 
alcohol  and  then  with  water.  It  is  then  dissolved  in  alkaline  water  aud  the 
basic  alkali  combination  precipitated  from  this  solution  by  the  addition  of 
alcohol,  whereby  the  gelatin-peptone  alkali  remains  in  solution.  The  ]»re- 
cipitate  is  purified  by  repeated  solntion  in  alkaline  water  and  precipitated  by 
alcohoL  To  obtain  cliondroitin-sulphuric  acid  entirely  free  from  chondroitin 
it  is  more  advantageous  to  prepare  the  potassium -copper  combination  of  the 
acid  from  the  alkaline  solution  by  the  alternate  addition  of  copper  acetate 
and  caustic  iiotiish  and  precipitating  with  alcohoL  The  reader  is  referred  ta 
the  original  article  for  more  details. 

The  collagen  of  the  cartilage  gives,  according  to  Morner,  a  gelatin  which 
contains  only  16.4;^  N  and  which  can  hardly  be  considered  identical  with 
ordinar}^  gelatin. 
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In  the  above-mentioned  cartilages  of  full-grown  animals  the  chondroitin- 
eulphuric  acid  and  choiidromucoid,  perhaps  also  the  collagen,  are  fouod  stir- 
roundmg  t!ie  cells  as  rouud  balls  or  lumps.  These  balls  (Morxer's  chondrit^ 
baUs),  wiiich  give  a  blue  color  with  methyl-violet*  lie  in  the  mesha  of » 
trabecular  structure,  which  is  colored  when  brought  in  contact  with  tro- 
pfeolin. 

The  albuminoid  ia  a  nitrogenized  body  which  contains  loosely  combined 
sulphur.  It  is  soluble  with  difficulty  in  acids  and  alkalies,  and  resemblei 
keratiu  in  many  respects,  but  differs  from  it  by  being  soluble  in  gastric  juice. 
lu  other  respects  it  is  more  similar  to  elastin,  but  differs  from  tins  substance 
by  containing  sulphur.  This  albuminoid  gives  the  color  reactions  of  tJie 
albuminous  liodies. 

The  preparation  of  cartilage-gelatin  and  albuminoid  may  be  performed 
according  to  the  following  method  of  Morneh:  First  remove  the  clion- 
dromiicoid  and  chondroitin-sulphuric  acid  by  extniction  with  dilute  caustic 
potash  (0,2-0.5,^),  remove  the  alkali  from  the  remaining  cartilage  by  wateFt 
and  then  boil  with  water  iu  a  Pafix's  digester.  The  collagen  passes  into 
solution  as  gelatin,  while  the  albuminoid  remains  undissolved  (contaminated 
by  the  cartilage-cells).  The  gelatin  may  be  purified  by  precipitating  with 
sodium  sulphate*  which  must  be  added  to  saturation  in  the  faintly  acidified 
solution,  redissolving  the  precipitate  in  water,  dialyzing  well,  and  precipi- 
tating with  alcohol. 

,  According  to  Morner,  no  albuminoid  is  found  in  young  cartilage,  but 
only  the  three  first-mentioned  constituents.     Nevertheless  the  young  carti-  \ 
lage  contains  abont  the  same  amounts  of  nitrogen  and  mineral  substances  aftl 
the  old.     The  cartilage  of  the  ray  {Raja  baiis  Lin.),  which  has  been  investi- 
gated by  Loxxberg/  contains  no  albuminoid  and  only  a  little  chondromu- 
coid,  but  a  large  proportion  of  chondroitin-sulphuric  acid  and  collagen. 

IIoppE'Seyler  found  in  Iresh  liuman  rib-cartilage  676.7  p.  ni.  water, 
301.3  p.  m.  organic  and  22  p.  m.  inorganic  substance,  and  in  the  cartilage 
of  the  knee-joint  735.9  p.  m.  water,  348.7  p.  m.  organic,  and  15.4  p.  m. 
inorganic  substance.  Pickardt'  found  402-574:  p.  m,  water  and  72.86  p.  m. 
ash  (no  iron)  in  the  laryngeal  cartilage  of  oxen.  The  ash  of  cartilage  oon^ 
tains  considerable  amounts  (even  800  p.  m.)  of  alkali  sulphate,  whlcb 
probably  does  not  exist  originally  as  such,  but  is  produced  in  great  part  by 
the  incineration  of  the  chondroitin-sulphuric  acid  and  the  chondromuooid^M 
The  analyses  of  the  asli  oC  cartilage  therefore  cannot  give  a  correct  idea  o\ 
the  qaantity  of  mineral  bodies  existing  iu  this  substance. 

The  Cornea.     Tho  corneal  tissue,  which  is  considered  by  many  inTe8ti<n 
gators  to  bo  related  to  cartilage  in  a   chemical   sense,  contains  traces  of 
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*  Maly'B  Jfthresb^jr.  Bd.  19.  8.  325. 

•  Hoppe-Seyler,  cited  from  Ktlboe'B  LeUrbucli,  d.  physiol.  Chetn..  8.  887;  Pickftrdl, 
CenlralbL  f.  Pliyslol.,  Bd.  6,  8.  785. 
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proteid  and  a  collagen  as  chief  constitueot,  which  C.  Th.  Moener  *  claims 
contains  16.95j^  X,  According  to  him  it  also  contains  a  mucoid  which  has 
the  composition  C  50. IG,  H  0.97,  N  13.79,  aud  8  2.07,-^.  On  boiling  with 
dilate  mineral  acid  this  mucoid  yields  li  reducing  subatanco.  The  globulins 
found  by  other  investigators  in  the  cornea  are  not  derived  from  the  matrix, 
according  to  Mornek,  but  from  the  layer  of  epithelium.  According  to 
MuBKER,  Bescemet's  membrane  consists  of  membranin  (page  48),  which 
contains  14.775^  N  and  0.90,^  S. 

In  the  cornea  of  oxen  His'  found  758,3  p*  m.  water,  203.8  p.  m*  gela- 
tin-forming substance,  28.4  p.  m.  other  organic  substance,  besides  8.1  p.  m. 
soloble  and  U  p.  m.  insoluble  salts. 

Ill*    Bone. 

The  bony  structure  proper,  when  free  from  other  formations  occurring 
in  bones,  such  as  marrow,  nerves,  and  blood-vessels,  consists  of  cells  and  a 
matrix. 

The  c$Us  have  not  been  closely  studied  in  regard  to  their  chemical  con- 
B  atitntion,  On  boiling  with  water  they  yield  no  gelatin.  They  contain  no 
keratin,  which  is  not  usually  present  in  tlie  bony  structure  (Herbert 
Smith ')♦  but  tliey  may  contain  a  substance  which  is  similar  to  elaatin. 
H  The  matrix  of  the  bony  stracture  contains  two  chief  constituents, 
namely*  an  organic  substance,  ossein,  and  the  so-called  bone'earihs,  linie- 
ealta,  enclosed  in  or  combined  with  it.  If  bones  are  treated  with  dilute 
hydrochloric  acid  at  the  ordinary  temperature,  the  lime-salts  are  dissolved 
and  the  ossein  remains  as  au  ehistic  mass,  preserving  the  shape  of  the  bone. 
This  ossein  is  generally  considered  identical  with  the  collagen  of  the  con- 
nective tissue. 

The  inorganic  constituents  of  the  bony  structure,  the  BO-called  bone- 
earihst  which  remain  after  the  complete  calcination  of  the  organic  suit* 
stance  as  a  white,  brittle  mass,  consist  chiefly  of  calcium  and  phosphoric 
acid,  but  also  contain  carbon  dioxide  and,  in  smaller  amounts,  magnesium, 
chlorine,  and  fluorine.  Alkali  sulphate  and  iron,  which  have  been  found 
in  bone-ash,  do  not  seem  to  belong  exactly  to  the  bony  substance,  but  to 
the  nutritive  fluids  or  to  the  other  constituents  of  bones.  The  traces  of 
sulphate  occurring  in  the  bone-ash  u  derived,  according  to  Mohner,*  from 
the  chondroi tin-sulphuric  acid.  According  to  (rAimiEL'  jx)tasaium  and 
sodium  ure  essential  constituents  of  bone-earth. 


^Zcitscbr,  f,  phyiiol  Cbem.,  BJ.  18, 

•  Cited  from  Gaiugee,  Phjalol.  Chem.,  1880,  p.  451. 
iZeltarlir.  f.  Biologic.  Bd.  10. 
^Zeilsclir.  f.  ptiygioL  Chem.,  Bd.  23. 

•  Ibid.,  18.  whicb iilao  contains  the  pertloent  Htemture. 
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The  opinions  of  investigators  differ  somewhat  as  to  the  manner  in 
which  the  mineral  bodies  of  the  bony  structure  are  combined  with  each 
other.  Chlorine  and  fluorine  are  present  in  the  same  form  as  in  apatite 
{CaPl,,3Ca,P,0J.  If  we  eliminate  the  magnesinm,  the  chlorine,  and  ih 
fluorine,  the  last,  according  to  Gabriel,  occurring  only  as  trac^  the 
remaining  minenil  bodies  form  the  combination  3(CXP,0,)CaC0,,  Acoari- 
iug  to  Gabriel,  the  simplest  expression  for  the  composition  of  the  ash  of 
bones  and  teeth  is  (Ca,(PO J,  +  Ca,HP,0,,  +  Aq),  in  which  2-3^  of  xh 
lime  is  rephujed  by  magnesia,  potash,  and  soda,  and  4-6?^  of  the  phoephoric 
acid  by  carbon  dioxide,  chlorine,  and  fluorine. 

Analyses  of  bone-earths  have  shown  that  the  mineral  constituents  exist  m 
rather  constant  proportions,  which  is  nearly  the  same  in  different  animals. 
As  example  of  the  composition  of  bone-earth  we  give  here  the  analyses  of 
Zalesky."     The  figures  represent  parts  per  thousand. 

M&n.  Ox.  Tortoise.  Ouia«a«p1f, 

Calciiifn  phosphate,  Ca,P,0» 838,^  860.»  85^.8  878.8 

Magnesium  pbospliate,  MgiPtOt 10.4  10.2  13.6  10.5 

Cttlchim  corabiQed  with  CO,.  FL  and,Cl 76.5  73.6  63.2  70.8 

CO, ...*.....     57.3  62.0  63.7 

CbloriQe 1,8  2.0  ....  1.8 

Fluoriue.. 2,3  3.0  2.0 

SoD^e  of  the  COj  is  always  lost  on  cafcinhig,  so  that  the  hone-aih  doet  not  contiia 
the  eDlire  CO,  of  the  bony  siibHtance. 

Ad,  Cabnot'  found  the  following  composition  for  the  bone-ash  of  m&Di 
ox,  and  elephant :  ■ 

Man.  Ox.         EI«phA&t.       ■ 

Femur       Femur         Femur,       FrinuT.        ■ 
(body).       (bis&d).  ■ 

Oaldum  phosphate 874.6  878.7  857.2  900.3        I 

Magnesium  pbosphftto , 15.7  17.5  15.S  18.8         " 

Calciura  fliifiiMie 3.5  3.7  4.5  4.7 

CalciiiQi  chloritk •..•....       2.3  3.0  S.O  3.0 

Calcium  carbuoale 101.8  92.3  119.6  72,7 

Iron  oxide .., 1.0  1.8  1.3  1.5 

The  quantity  of  organic  aubstance  in  the  bones,  calculated  from  the  loid 

of  weight  in  burning,  varies  somewliat  between  300  and  520  p.  m.     Thin 

variation  may  in  part  be  explained  by  the  difficulty  in  obtainiog  the  honjH 

flubitance  entirely  free  from  water,  and  partly  by  the  very  variable  amounfl 

of   blood-vessels,  nerves,    marrow,  and  the  like,  in  different  bones.     The 

unequal  amounts  of  organic  substance  found  in  the  compact  and  in  the 

spongy  parts  of  the  same  bone,  as  well  as  in  bones  at  different  periodn 

of  development  in  the  same  autmal,  depend  probably  upon  the  varyin^| 

quantities  of  these  above-mentioned  formations.    Dentin,  which  is  companJM 

tivoly  pure  bony  structure,  contains  only  260-280  p.  m.  organic  substaoce, 

and  Hoppb-Seyler  '  therefore  thinks  it  probable  that  entirely  pure  bony 

'  Hoppe-Seyler,  Med,  ehem,  Untersuch*,  8,  19. 

•  Com  p.  rend.,  Tome  114. 

•  Phyaloh  Chem, ,  8.  102-104. 
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^-BubstaDce  has  a  constant  compositiou  and  contains  only  about  250  p.  m, 
^fergaiiic  substance.  The  question  whether  these  substances  are  clicEQically 
Veombined  with  the  bone-earths  or  only  intimately  mixed  has  not  been 
^  decided. 

The  nutritive  6uids  which  circulate  through  the  Imnes  have  nnt  been  isolated,  nnd 
we  ooly  know  that  they  contain  some  protdtl  and  s«tme  NaCl  and  alkali  sulphate,  Tlie 
yellow  marrow  cod  tains  chiefly  fat,  which  coimiata  of  olein,  pnlnTiliu,  and  stearin. 
Proteid  has  been  found  eypeciaily  tii  llie  so-cjilled  red  marrow  of  ihu  spongy  !>0De3. 
According  ui  Forrest  the  proteid  consists  of  a  glohulin  c<»a)^nlatuig-  at  47-50'  C-,  and 
aaacleo-albumiQ  with  1.6^  phoaphonia  (Halliburton'),  hesidea  iraees  of  alhunirn. 
Besides    this   Ihc   marrow   contains   so  called   exiraclive   bodies,    8uck   as  lactic  ncid, 

khypoxanlhin,  and  cholcslerio,  hul  in osily  bodies  of  an  unknown  characler. 
The  diverse  quantitative  composition  o!  the  various  bones  of  the  skeleton 
depends  probably  on  the  varying  quantities  of  other  formations,  such  as 
marrow,  blood-vessels,  etc*,  they  contfiin.  The  same  reason  explains,  to 
all  appearances,  tlie  larger  quantity  of  organic  Bubstance  in  the  spongy  parts 
of  the  bones  as  compared  with  the  more  compact  parts.  Schrobt'  has  made 
comparative  analyses  of  different  parts  of  the  skeleton  of  the  same  animal 
(dog),  and  has  found  an  essential  difference.  The  quantity  of  water  iu  the 
fresh  bones  varies  between  138  and  443  p,m.  The  bones  of  the  extremities 
and  the  skull  contain  138-292,  the  vertebrae  168-443,  and  the  ribs  324-356 
p.  m.  water.  The  quantity  of  fat  varies  between  13  and  269  p.  m.  The 
largest  amount  of  fat,  256-269  p*  m.,  is  found  in  the  long  tubular  bones^ 
while  only  13-175  p.  m.  fat  is  found  in  the  small  short  bones.  The  quan- 
tity of  organic  substance*  calculated  from  fresh  bones*  was  150-300  ]>.  m., 
and  the  quantity  of  mineral  substances  290-503  p.  m.  Contrary  to  the 
general  supposition  the  greatest  amount  of  bone-earths  was  not  found  in  the 
femur,  but  in  tlte  first  three  cervical  vertebrre.  In  birds  the  tubular  bones 
are  richer  in  mineral  substances  than  iu  the  flat  bones  (During),  and  the 
greatest  quantity  of  mineral  bodies  has  been  found  in  the  humerus  (Hilleh^ 
DuRixa  *). 
H  We  do  not  possess  trustworthy  statements  in  regard  to  the  composition 
"^of  bones  at  different  ages.  According  to  the  analyses  by  E.  Voir  of  liones 
of  dogs  and  by  BRruACHER  of  bones  of  children,  we  learn  that  the  skeleton 
becomes  poorer  in  water  and  richer  in  ash  with  increase  in  age.      Graffkn- 

■BERGER*has  found  in  rabbits  64-7i  years  old  that  the  bones  contained  only 
140-1  TO  p.  m.  water,  while  the  hones  of  the  full-grown  rabbit  2-4  years  old 
contained  200-240  p.  m.  The  bones  of  old  rabbits  contain  more  carbon 
dioiide  and  less  calcium  phosphate. 

■       »  Forresr.  Journ,  of  Physiol.  Vol.  17  ;    HaHiburtoD.    tlmL,  Vol.  18. 
•  Landwinhsch.  Vereuchsstat..  Bd.  Id.     Cited  from  Mnly'a  JahreBb«r.,  Bd.  fi. 
"  Hiller,  cited  from  Maly's  Jahreaber.,  Bd.  14;  Dtlriiig,  Zdtschr.  f,  phyaioK  chem., 
Bd.  23. 

*  Voil.  ZeUschr.    f.  Biologie.  Bd,  16;    Brubacher,  ibid>,  Bd.  27;   Qrafft'nhergcf  in 
,  Walv's  Jahresber,.  Bd.  21. 


TISSUES  OF  THE  CONNECTIVE  SUBSTANCE. 

Thi?  com  poMt  urn  of  booefl  of  animals  of  (II  fie  rent  species  Is  but  little  knowo.  Tbe 
booei  of  birds  oiiitaiu,  as  a  rule,  somewbnt  more  water  than  lUosc  of  manimalui.  aud 
tlie  hooei  of  fishes  cutitain  tbe  largest  qimatily  of  water.  Tlie  bones  of  fisbes  and  amphib- 
ians contaio  a  ^^reater  araouot  of  organic  siibataoce.  The  bones  of  pachydenns  nod 
cetaceans  coDtam  a  large  proportion  of  CAlcIiim  carbonate  ;  tliose  of  gnmirorous  birds 
always  contain  silicic  iicid<  The  bone- as b  of  ampbibiuns  and  fisbes  contains  sodium 
luTpbate.  Tbe  boties  of  fishes  i^eem  to  contain  more  soluble  salts  tbaa  the  bones  of  other 
ADlmals. 

A  great  many  exporiments  have  been  made  to  determine  the  exchange  of 
material  in  the  bones — for  instance,  with  food  rich  in  lime  and  with  food 
deficient  in  lime — but  the  results  have  always  been  doubtful  or  contradic- 
tory.  The  attemptH,  also,  to  substitute  other  alkaline  earths  or  clay  for  the 
lime  of  the  bones  have  given  contradictory  results.*  On  the  administration 
of  madder  tlie  bones  of  the  animal  are  fonnd  to  ^>e  colored  red  after  a  few 
days  or  weeks  ;  but  these  ex|>eriment3  have  not  led  to  any  positive  conclu- 
sion in  regard  to  the  growth  or  metalx^lism  in  the  bones. 

Under  pathological  conditions,  as  in  rachitis  and  softening  of  the  bones, 
an  ossein  has  been  found  which  does  not  give  any  typical  gelatin  on  boiling 
with  water.  Otherwise  pathological  conditions  seem  to  affect  chiefly  the 
quantitative  composition  of  tbe  bones,  and  especially  the  relationship  l>e' 
tween  tlie  organic  and  the  inorganic  substance.  In  exostosis  and  osteosrleroHis 
the  quantity  of  organic  substance  is  generally  increased.  In  rachitis  and 
osteomalacia  the  quantity  of  bone-earths  is  considerably  decreased.  At- 
tempts have  been  mndo  to  produce  rachitis  in  animals  by  the  use  of  food  de- 
ficient in  lime.  From  experiments  on  fully  develojied  animals  contradictory 
results  have  been  obtained*  In  young,  undeveloped  animals  Erwix  Voit' 
produced,  by  lack  of  lime-salt^?,  a  change  similar  to  rachitis.  In  full-grown 
animals  the  bones  were  changed  after  a  long  time  because  of  tbe  lack  of 
lime -salts  in  the  food,  but  did  not  become  soft,  only  thinner  (osteoporosis). 
The  exporinieuts  of  removing  the  lime -salts  from  the  bones  by  the  addition 
of  lactic  acid  to  the  food  have  led  to  no  positive  results  (Heitzmann,  Heiss* 
BaotX9Ky).'  WstSKE,  on  the  contrary,  has  shown, by  administering  dilute 
autphurie  acid  or  monosodium  phosphate  with  the  food  (presup|K>sing  that 
tho  food  gave  no  alkaline  ash)  to  sheep  and  rabbits,  that  the  quantity  of 
•nineral  bodies  in  the  bones  might  be  diminislicd.     On  feeding  continuously 

a  long  time  with  a  food  which  yielded  an  acid  ash  (cereal  grains)  Weiske 

observed  a  diminution  in  the  mineral  substances  of  the  lx)nes  in  full- 

i  hcrbivora.*     A  few  investigators  are  of  the  opinion  that  in  rachitis,  as 

aomalacosis,  a  solution  of  the  lime-salts  by  means  of  lactic  acid  takes 


'  R  We{skep  Zeit^clir.  f.  Biologic,  Bd.  aU 
chr.  t  Biologic,  Bd.  16. 

mntm,  Maly'ft  Jfthresber.,  Bd.  3.  S.  220  ;  Helas.  Zettchr.  f.  Biologie,  Bd.  13; 
^lTcbow'9  Areh.,  Bd.  87. 
y*«  Jfthresber..  Bil.  22;  Also  Weiike,  Zeltachr.t.  physiol.  Chem.,  Bd.  90, 
f.  Blologie,  Bd.  8L 
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This  was  suggested  by  the  fact  that  0.  Weber  and  C,  Scemidt 
found  lactic  acid  in  the  cyst-like,  altered  bony  substaDce  in  osteomalacia. 

Well-known  inTCBtigators  have  dispnted  the  possibility  of  the  lime-salta 

being  washed  from  the  bones  in  osteomalacosis  by  means  of  lactic  acid.  They 

have  given  flpecial  prominence  to  the  fact  that  the  lime-salts  held  in  solution 

by  the  lactic  acid  must  be  deposited  on  neutndization  of  the  acid  by  the 

alkaline  blood.     This  objection  is  not  very  important,  as  the  alkaline  stream 

Hof  blood  has  the  property  to  a  high  degree  of  holding  earthy  piiosphatea  in 

™  solution,  which  can  be  easily  proved.     The  recent  investigations  of  Levy* 

contnulict  the  statement  as  to  the  solution  of  the  lime-salts  by  lactic  acid  in 

osteomalacia.     He  has  found  that  the  normal  relationship  BPO^  :  lOCa  is 

retained  in  all  parts  of  the  bones  in  osteomaiacia,  which  would  not  be  the 

case  if  the  bone-earths  were  dissolved  by  an  acid.     The  decrease  in  phos- 

■bhate  occurs  in  the  same  quantitative  relationship  as  the  carbonate,  and 

^tccording  to  Levy  in  osteomalacia  the  exhaustion  of  the  bojie  takes  place 

\}y  a  decalcification  in  which  one  molecule  of  phosphate  carbonate  after  the 

Bother  is  removed. 

In  rachitis  tlie  quADlily  of  Drg;iiDic  matter  has  been  fouod  to  vary  between  664  and 

811  p.  m.     The  ipiautity  of  iBorgfiuic  suhjitiinLe  was  189-3^6  p.  m.     These  ligures  refer 

to  ili«  dried  substjiDce.     AcctJrtliiig  to  Bhdbacher  racliiiic  houes  are  richer  in  wjiler 

thnii  the  boues  iif  bealiby  cliildreri,  mid   |>oorer  in  iiiinerQl  iKidies,  especinlly  calcium 

^^  phtjfipbate.     In  o[>positiou  to  incUitiii,  o^Jiecjinulucos  s  is  (iflen  chariicturized  by  tbc  ron- 

^KBiderable  amount  of  fiit  in  the  bones,  230-290  p,  in.  ;  bnl  iis  n  rult^tht^  rmiJiiosiiirm  varies 

^Bio  much  that  theimalyscBare  of  little  Yrilne.    In  aca^eaf  osteoninliico^ls  CnABUi^  '  foutid 

Wa  larger  quandty  of  inttgnesium  ihaii  calcium  in  a  bone.     The  iish  eoniaiued  417  p*  m. 

K  pLosphorfc  ncid,  222  p.  m.  Haie,  2(>0p.  in,  magnesia,  and  8d  p.  m.  enrboii  dioxide. 

H  The  tooth-structure  is  nearly  related,  from  a  chemical  staiidpointj  to  the 
bony  structure* 

Of  tJie  three  chief  constituents  of  the  teeth,  dentin,  enamel,  and  cement, 
the  last-mentioned,  the  cement^  is  to  he  considered  as  true  bony  structure, 
and  as  such  has  already  been  discussed  to  some  extent.  Deniin  has  the 
same  composition  as  the  bony  Btnicture,  but  contains  sotnewliat  less  water. 
The  organic  substance  yields  gelatin  on  lK>ilin^;  but  the  dental  tubes  aris 
not  dissolved,  therefore  they  cannot  consist  of  collagen.  In  dentin  2GO-280 
p.  m.  organic  suhbtance  has  been  found.  Enamel  is  an  epitlielium  forma- 
tion containing  a  large  proportion  of  lime-salts.  The  organic  substance  of 
the  enamel  does  not  yield  any  gelatin.  Conij^Ietely  developed  enamel  con- 
tains the  least  water,  the  greatest  quantity  of  miuenti  substances,  and  is  the 

B  hardest  of  all  the  tissues  of  the  body.  In  full-grown  animals  it  contains 
hardly  any  water,  and  the  quantity  of  organic  substance  amounts  to  only 
20-40  p.  m*     According   to  To3iES*   the  enamel  contains  no  measurable 

Cited  from  v.  Gomp*Besanez.  Lehrb,  d.  pliyaioL  Chem,,  4.  Aufl. 
•Zeitschr.  f.  physiol  Cliem.,  Bti  19. 

■  Chabrie,  **  Les  pheuoinenes  chim.  derosalfication/'  Paris,  1805,  p.  65, 
♦  Joura.  of  Physiol,,  Vol.  10* 
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amounts  of  organic  matter,  and  what  used  to  be  called  organic  matter  (loa 
by  weight  in  incinerution)  he  considers  only  water.  The  relatire  anjouQti 
of  calcium  aud  pliosphoric  acid  are,  according  to  the  analyses  of  Hoppe- 
SeyleKj  about  tlie  same  as  in  bone-earths.  The  quantity  of  chlorine  ac- 
cording to  Hope-Seyler*  is  remarkably  high,  0»3^,5<<. 

Carnot,'  ivLobftslaveatigated  the  deutiu  from  elephaota.  h&a  found  4.3  p.  m.  culclum 
fluoride  in  the  ash.  la  Jvory  be  fouud  only  2.0  p.m.  Dentin  from  elephanta  U  net 
tn  m&g  neat  urn  phosphate,  which  ia  more  murked  in  ivory. 

According  to  Gabeiel  the  amouDt  of  fluorine  is  very  small  and  amouQti 
to  1  p.  m.  in  o.t-teotb.  It  is  no  greater  in  the  teeth  and  enamel  than  in 
the  bones.  According  to  Gabriel  the  phosphates  are  strikingly  small  in 
the  enamel,  and  in  the  teeth  considerable  lime  is  replaced  by  magnesia* 

IV.   The  Patty  Tiesne. 

The  membranes  of  the  fat-celle  withstand  the  action  of  alcohol  and 
ether.     They  are  not  dissolved  by  acetic  acid  nor  by  dilute  mineral  acids, 
butare  dissolved  by  artificial  gastric  juice.  They  may  possibly  consist  of  aanb- 
staoce   closely  related   to   elastin*     The   fat-cells   contain,    besides  fat,  * 
yellow  pigment  which  in  emaciation  does  not  disappear  so  rapidly  aa  th© 
fat;   and  this  is  the  reason  that  the  subcutaneous  cellular   tissue  of  ^^ 
emaciated  corpse  has  a  dark  orange-red  color.     The  cells  deficient  in  o^ 
nearly  free  from  fat,  which  remain  after  the  complete  disappearance  of  tlm 
latter,  seem  to  have  an  albuminous  protoplasm  rich  in  water. 

The  less  water  the  fatty  tissue  contains  the  richer  it  is  in  fat>    ScB 
and  Reinecke'  found  in  1000  parts: 

Water.  Membrane.  F«t. 

Pally  llMue  of  oxen ..., we».7  IQ.fl  883.7 

* sheep 1(ML8  16.4  878,8 

"       "    pig8 64.4  13.6  »23.0 

The  fat  contained  in  the  fat-cells  consists  chiefly  of  triglycerides  o( 
stearic,  palmitic,  and  oleic  acids.     Besides  these,  especially  in  the  less  solid 
kinds  of  fats,  there  are  glycerides  of  other  fatty  acids*     (See  Chapter  FV^' 
In  all  animal  fats  there  are  besides  these,  as  Hofmank  *  has  shown^  alsi 
free,  non-volatile  fatty  acids,  although  in  very  small  amounts. 

Human  fat  in  adults  is  rich  in  olein  (about  70j^).    In  new-bom  infants  it 
is,  according  to  Kxopfelmacher/  poorer  in  oleic  acid  than  in  adults,  as  it 
amounts  to  only  about  43,3^  of  the  tota!  fatty  licids.     The  oleic  acid  then 
increases  until  the  end  of  the  first  year,  when  it  is  the  same  as  in  adults _ 
{%b%Y     The  fat  of  the  domestic  animals  has,  according  to  Amthob  and 

»  Physiol.  Chem.,  p.  180. 

*  Coinpt.  rend..  Tome  114. 

•  Aoaal  d.  Chem.  u.  Ph.irra.,  Bd.  142. 
^  Ludwlg.Peatschrifl.  1874.  Leipzig. 
*See  foot-uote  1>  i>age  dS. 
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ZlKK,*  a  less  oily  conaistency  and  a  lower  ioilme  iind  acetyl  equivalent  than 
the  corresponding  fat  of  wild  animals.  The  fat  of  cold-blooded  aninmls  is 
remarkably  rich  in  olein. 

The  properties  of  fata  in  general,  and  the  three  most  important  yarieties 
of  fat»  have  already  been  treated  of  in  a  previous  chapter,  hence  the  forma^ 
tion  of  the  adipose  tissue  is  of  chief  interest  at  this  time. 

The  formation  of  fat  in  the  organism  may  occur  in  various  ways.  The 
fat  of  the  animal  body  may  consist  partly  of  absorbed  fat  of  the  food  de- 
posited in  the  tissues,  and  partly  of  fat  formed  in  the  organism  from  other 
bodies,  such  as  proteids  or  carbohydrates* 
^  That  the  fat  of  the  food  which  is  absorbed  in  the  intestinal  canal  may  be 
retained  by  the  tissues  has  been  shown  in  several  ways*  Radziejewsku 
Lebeoeff,  and  Munk'  have  fed  dogs  with  various  fats,  such  as  Iinseed<oil, 
mutton -tallow,  and  rape-seed-oil,  and  have  afterwards  found  the  adminis- 
tered fat  in  the  tissues.  Hofmann  starved  dogs  until  they  appeared  to  have 
lost  their  fat,  and  then  fed  them  upon  large  quantities  of  fat  and  only  little 
proteids.  When  the  animals  were  killed  he  found  so  large  a  quantity  of  fat 
that  it  could  not  have  been  formed  from  the  administered  proteids  alone, 
but  the  greatest  pai't  must  have  been  derived  from  tiie  fat  of  the  food. 
Pettenkofer  and  Voir*  arrived  at  similar  results  in  regard  to  the  behavior 
of  the  absorbed  fats  in  the  organism,  though  their  experiments  were  of 
another  kind.  MiiNK*  has  found  that  on  feeding  witii  free  fatty  acids  these 
are  deposited  in  the  tiseuee,  not,  however,  as  such ;  but  they  are  transformed 
by  synthesis  with  glycerin  into  neutral  fats  on  their  passage  from  the  intes- 
tine to  the  thoracic  duct.  Coronedi  and  Marchetti  and  especially  Win- 
TEENIT2  *  have  recently  shown  that  the  iodized  fat  is  taken  up  in  the  in- 
testinal tract  and  deposited  iu  the  various  organs. 

Proteids  and  carbohydrates  are  considered  as  the  mother-substance  of  the 
fats  formed  in  the  organism. 

The  formation  of  the  so-called  corpse-wax ^  adipocere,  which  consists  of  a 
mixture  of  fatty  acids »  ammonia,  and  lime-soaps,  from  parts  of  the  corpse  rich 
in  proteids,  is  sometimes  given  as  a  proof  of  the  formation  of  fats  from  pro- 
teids.  The  accuracy  of  this  view  has,  however,  been  disputed,  and  many 
other  explanations  of  the  formation  of  this  substance  have  been  offered. 
According  to  the  recent  experiments  of  Krattbr  and  K,  B,  Lehmann  it 
seems  as  if  it  were  possible  by  experimental  means  to  convert  animal  tissue  rich 
in  proteids  (muscles)  into  adipocere  by  the  continuous  action  of  water.     Irre- 


>  Zeltscbr.  f.  analyt.  Chem,.  Bd,  86. 

*  Radiejewaki,  Yirehow'g  Arch.,  Bd.  4a  ;  Mimk,  ibid,,  Bd.  95 ;  Lebedeff,  PflU^r's 
Arcb.Bd.  31. 

iHoilmauD,  ZeiUcbr.  f  Blolo^e,  Bd.  8;  PeUenkofer  and  Volt.  Md.,  Bd.  0. 

*  Virchow'8  Arch.  Bd.  80. 

*Coroi]&di  ttud  Marchetti,  cited  by  Wiuternils,  Zeitschr.  L  physlol.  Cbem.,  Bd.  %L 
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fpveltTc  of  tbii,  Salko vm  *  hm  dicnm  twomUlj  thai  in  Uie  1 
pooef^  the  fat  ttaelf  Ukjm  put  m  thsft  tlia  diin  dfleompcaMwitk  tte  i 
tiM  ol  ioUd  faUT  aeidt;  ftill  h  niul  Iw  oonriderod  that  te 
udmbtedly  take  part  in  iti  towma&m.    Tha  prodadioii  of 
proof  of  tbe  fonnadoii  of  fat  from  pfoieoda  ii  dialed  I7  maaj  mv 
for  tbta  and  oUier  reaaona. 

FaCtf  deganetstioa  if  a&olhar  proof  of  the  fdmialioii  of  fat  b^m  pio- 
tlidi*  From  the  mraatijiiiomof  Bacteb 00  dogpaad  Leo  on  firogi  we  amt 
admit  thai  at  kaii  in  aCDle  poiioning  by  phoiphorea  a  fattj  degmentiaB 
nitb  the  formation  of  Uk  from  prolaidf  takca  piaaa.  Pflcgeb*  faai  railed 
ineh  sironf  afgrnneoti  against  the  older  reaearcbos  as  wdl  aa  the  more 
laeani  of  Polucasti^  who  datsiA  to  have  shown  the  formatMm  of  fak  fmm. 
pfipCeida  to  pbospboros  poiioiiing,  that  we  cannot  eonaid^  die  fonaatioa  af 
fiat  ai  eonclnsirelj  proved* 

Another  more  direet  proof  for  the  formation  of  fat  from  proteida  haa 
bean  giTen  by  Uopmaitm.'  lie  experimented  with  flj-maggota.  A  nninbar 
of  tiieaa  were  killed  and  the  qoantitj  of  fat  determined.  The  rnitafanier 
wiTi  allowed  to  develop  in  blood  whose  proportion  of  fat  had  been  prerioBily 
dalovitned,  and  after  a  certain  time  thej  were  killed  and  analyzed.  He 
fonnd  in  them  from  7  to  11  times  as  mach  fat  as  in  the  maggots  %i9k 
aoatyzed  and  the  blood  together  contained.  PflCger  '  haa  made  the  objee- 
lion  that  a  conaideiiible  number  of  lower  fungi  develop  in  the  blood  imder 
theae  eondttioni^  and  these  serve  as  food  for  the  maggota  and  in  whose  cell* 
body  fata  and  carbohydrates  are  formed  from  the  different  constituents  of 
the  blood  and  their  daeomposition  products. 

Aa  a  more  direct  proof  of  fat-formation  from  proteids  the  investigationa 
of  PsTTBHKorEB  and  Voit  *  are  often  quoted.  These  investigators  fed  dogp 
with  large  quanitties  of  meat  oontaining  the  leaat  j>oesible  proportion  of  fat* 
aod  found  all  of  tbe  nitrogen  in  the  excreta,  but  only  a  part  of  the  carbon. 
Aa  an  ejcplanation  of  these  cooditions  it  ha^  been  assumed  that  the  proteid 
of  tlie  organism  splits  into  a  nitrogeniaed  and  a  non-nitrogenized  part,  tha 
former  changing  into  the  nitrogen  ized  final  prod  act,  urea,  the  other,  on  the 
contrary^  being  retained  in  the  organism  aa  fat  (Pettbnkofer  and  Voit). 

PflCoek*  has  arrived  at  the  following  conclusion  by  an  exhaustive  criti. 
eism  of  Pkttkkkopeb  and  Voirs  experiments  and  a  careful  recalculation 
of  their  balance-ahoet,  namely,  that  these  very  meritorious  investigations. 


'  ZdUcbr  f.  Biologic,  Bd.  16:  Lebnmtto.  Sitzaogiber.  d.  WHntburg.  pbjm,- 

mtii  i^  1!^.    Sulknwski.  Vircbow.Fe«Ucbnrt,  189L 

*  Baiwr,  Zeiticbr  f.  Biolugie,  Bd.  7;  Leo,  Zeiticbr  f.  pbysiol.Cbem.,  Bd.9;  PolimAtitl, 
ptlr.L^*  r  ,1  Arcb.,  Bd,  70  ;  FtlOg«r,  Pflager's  Arck.  Bdd.  51  aDd  71* 

Fcbr.  1.  Biologle,  Bd.  B. 
I. '  CI  j('f  Artftl,«  Suppl.  2,  and  ZelUchr.  L  Biologie,  Bdd.  5  and  7. 

•  Pllagtri  Arcb.,  Bd.  5L 
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which  were  continued  lor  a  eeries  of  years,  were  Bubject  to  such  great  defects 
that  they  are  not  conclusive  as  to  the  formation  of  fat  from  proteids.  He 
especially  emphasizes  the  fact  that  these  iuveBtigators  started  from  a  wrong 
a^enmptioQ  as  to  the  elementary  composition  of  the  meat,  and  that  the 
quantity  of  nitrogen  assumed  by  them  was  too  low  and  the  quantity  of 
carbon  too  high*  The  relationship  of  nitrogen  to  carbon  in  meat  poor  in  fat 
was  assumed  by  Voix  to  be  as  1  :  3.68,  while  according  to  PflCger  it  is 
1  :  3*22  for  fat-free  meat  after  deducting  the  glycogen,  and  according  to 
EiTBNER  1  :  3.28  without  deducting  the  glycogen.  On  recalenluting  the 
experiments  using  these  coefficients,  Ffluger  has  arrived  at  the  conclusion 
that  the  assumption  as  to  the  formation  of  fat  from  proteids  finds  no  support 

I  in  these  experiments. 
In  opposition  to  these  objections  E.  Voir  and  M.  Crrmeb  have  made 
Hew  feeding  experiments  to  show  the  formation  of  fat  from  proteids,  but  the 
proof  of  these  recent  investigations  has  been  denied  by  PflDger/     On 
feeding  a  dog  on  meat  poor  in  fttt  (containing  a  known  quantity  of  ether 
extractives,  glycogen,  nitrogen,  water  and  asli),  Kr  mag  aw  a*  could  not  prove 
the  formation  of  fat  from  proteids.     According  to  him  tiie  animal  body 
cinder  normal  conditions  has  not  the  power  of  forming  fat  from  proteid. 
H        Several  French  investigators,  especially  Chauveau,  Gaitier  itnd  Kai'F- 
^Hakn/  consider  the  formation  of  fat  from  proteids  as  positively  proved. 
Xaufhank  has  rerently  substantiatetl  this  view  by  a  method  which  will 
T>e  spoken  of  in  detail  in  Chapter  XVIII,  in  which  he  studied  the  nitro- 
gen elimination  and  the  respiratory  gas-exchange  in  conjunction  with  the 
simultaneous  formation  of  heat. 

PAs  we  are  agreed  that  carbohydrates,  glycogen,  as  well  as  sugar,  can  be 
formed  from  proteids,  we  cannot  deny  the  fact  that  possibly  an  indirect 
formation  of  fat  from  proteids*  witii  a  carbohydrate  as  an  intermediate  step, 
CAn  take  place.  The  jwssibility  of  a  direct  fat  formation  from  proteids  with- 
out the  carbohydrate  as  intermediary  must  also  be  generally  admitted,  al- 
though such  a  formation  has  not  been  conclusively  proved, 

■  According  to  Chauveau  and  Katfmanx,  in  the  direct  formation  of  fat 
from  proteids  the  fat  is  formed,  besides  urea,  carbon  dioxide,,  and  water,  as  an 
intermediary  product  in  the  oxidation  of  the  proteids,  while  Gautier  con- 
siders the  formation  of  fat  from  proteids  as  a  cleavage  without  taking  up 
oxygen.     Drechsel*  has  called  attention  to  the  fact  that  tlie  proteid  mole- 

>Voil,  Mllncb.  me<h  WacheiiBclir.,  1692.  cited  from  JIaly'a  Jaliresber.,  BtL  23; 
Cremer,  Mttnch.  uied.  Woclieoscbr. .  1897;  Pfltlger  in  Piliger's  Arcli,,  Btl.  68. 

'In  regard  to  Uie  question  \m  to  lUe  forrafttinn  of  fiit  from  proteid  in  Ibe  animal  body 
•ee  Communicntiona  of  the  Med.  Faculty  of  the  Imperial  Unlvertlty  of  Japno,  Tokio, 

■  Vol.  3,  1894. 
*  KAiifnuino,  Arch,  de  PhysioL  (5),  Tome  8,  which  also  citea  the  works  of  Chauveau 
Aod  Gautier. 

•Lttdeobnrg'a  HaodwOrterbuch  der  Cliem.,  Bd.  S,  S.  543. 
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cule  probably  ori^^nnally  coataiiia  no  radical  with  more  than  six  or  nine  carbon 
atoms.  If  fat  is  formed  from  proteid  in  the  animal  body,  then,  according 
to  Dreohsel,  such  formation  is  not  a  sphtting  off  of  fat  from  tlie  proleids, 
but  rather  a  synthesis  from  primarily  formed  cleavage  products  of  proteida 
which  are  deficient  in  carbon. 

The  for  ma  a  on  of  fat  from  carhoJi  if  d  rates  in  the  animal  body  was  first 
suggested  by  Liebig.  This  was  combated  for  some  time^  and  until  hitely  it 
was  the  general  opinion  that  a  direct  formation  of  fat  from  carbohydrates 
had  not  been  proved,  but  also  that  it  was  improbable.  The  nndoubtedly 
great  influence  of  the  carbohydrates  on  the  formation  of  fat  as  observed  and 
proven  by  LiKsro  was  explained  by  the  statement  that  the  carbohydnites 
were  consumed  instead  of  the  ab^orlied  fat  or  that  derived  from  the  proteida, 
hence  they  have  a  sparing  action  on  the  fat.  By  means  of  a  series  of  nutri- 
tion experiments  with  foods  especially  rich  in  carbohydrates,  Lawes  and 
Gilbert^  Sohxlet,  Tscherwinsky.  Meissl  and  Stromek  (on  pigs),  B. 
ScTiULTZE,  CuANiEwsKi,  E.  VoiT  and  C.  Lehmann  (on  geese),  L  Munk 
tmd  M*  RtTBNiiR  and  Lummert^  (on  dogs)  apparently  prove  that  a  direct 
formation  of  fat  from  carboli  yd  rates  does  actually  occur.  The  proceases  by 
whiclx  tnis  formation  takes  place  are  still  unknown.  As  the  carbohydrates 
do  not  contain  as  complicated  carbon  chains  as  the  fats,  tlie  formation  of  fat 
from  carbohydrates  must  consist  of  a  s}^ thesis,  in  which  the  group  CUOH 
is  converted  into  CH,;  also  a  reduction  mnst  take  place. 

After  feeding  with  very  large  quantities  of  carbohydrates  the  relation- 
ship between  the  inspired  oxygen  and  the  expired  carbon  dioxide,  i.a.^the 

CO 

respiratory  quotient  ~f\^*  ^""^  found  greater  than  1  in  certain  cases  (Har- 
riot and  RicHET,  Bleibtrelt^  Kaufmann,  Laclanie').  This  is  explained 
by  the  assumption  that  the  fat  is  formed  from  the  carbohydrate  by  a  cleavage 
setting  free  carbon  dioxide  and  water  without  taking  up  oxygen.  This  in- 
crease in  the  respiratory  quotient  also  depends  in  part  on  the  increased  com- 
bustion of  the  carbohydrate  (see  Chapter  XVI 11). 

When  food  contains  an  excess  of  fat  the  superfluous  amount  is  stored  up 
in  the  fatty  tissue,  and  on  partaking  of  food  deficient  in  fat  this  accumula- 
tion is  quickly  exhausted.     There  is  perhaps  not  one  of  the  various  tissues 


^Lttwes  and  Gilbert,  Pbil.  Trftnaactloiis.  1850,  pari  2;  Soxblet.  see  Maly's  Juliresber., 
Bd.  11.  S.  51;  Tacherwhisky,  Landwirtbsch,,  Versucbsataat,  B<h  20  (cited  from  Maly'a 
JAhrasber.,Bd.  13);  Meissl  and  Stromer,  Wien.SUzungsber,*  BiL  88,  Abth.  3;  Scbullze^ 
Malj*i  Jahresber.,  Bd.  11,  S.  47;  CbaaicwskU  ZeJtacIir.  f.  Blologie,  Bd*  20;  Voit  and 
Lehmaiin,  sec  C.  v.  Volt,  SitzuDgsber.  d,  k,  bayer  Akad.  d.  Wiasenscb,^  1885;  I.  Munk, 
Vircbow'a  Arch.,  Bd.  101;  Rubeer,  Zdtscbr.  f.  Biologie,  Bd.  22;  Lummerl,  PflUger** 
Arch.,  Bd.  71. 

•Hanriot  and  Richet.  Annal.  de  Chim.  el  de  Pbys.  (6).  Tome  22;  Blelbtreu.  PflUgcr'a 
Arch,,  Bd.  56;  Kaufmann,  Arch,  dc  Phydol.  (5)>  Tome  8;  Laulanie,  i^ki.,  p.  79L 
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creases  so  much  in  starvation  as  the  facty  tissue.  The  organism,  then, 
38  in  this  tissue  a  depot  where  there  is  stored  during  proper  alimenta- 
lutritive  substance  of  great  importance  in  the  development  of  heat 
tal  force,  which  substance,  on  insufficient  nutrition,  is  given  off  as 
needed.  On  account  of  their  low  conducting  power  the  fatty  tissues 
I  of  great  importance  in  regulating  the  loss  of  heat  from  the  body. 
Iso  serve  to  fill  cavities  and  as  a  protection  and  support  to  certain  in- 
>rganB. 


CHAPTER  XL 

MUSCLE. 

Striated   Mussel es. 

In  the  study  of  the  muscles  the  chief  problem  for  physiological  chem- 
istry is  to  isolate  their  different  morphological  elements  and  to  investigate 
each  element  separately.  By  reason  of  the  complicated  strncture  of  the 
muscles  thia  has  been  thus  far  almost  impossible,  and  we  must  bo  satisfied 
at  the  present  time  witb  a  few  micro-ehemieal  reactions  in  the  investi- 
gation of  the  chemical  composition  of  the  muacalar  fibres. 

Each  muscle- tube  or  muscle-fibre  consists  of  a  sheath,  the  saroolemma, 
which  fleems  to  he  composed  of  a  substance  similar  to  elastin,  and  con- 
taining a  large  proportion  of  proteid.  This  last,  which  in  life  possesses 
the  power  of  contractility^  bas  in  the  inactive  muscle  an  alkaline  reaction, 
or,  more  correctly  speaking,  an  amphoteric  reaction  with  a  predomi Dating 
action  on  red  litmus-paper.  Rohmanx  has  found  that  the  fresh,  inactive 
muscle  shows  an  alkaline  reaction  with  red  lacmoid,  and  an  acid  reaction 
with  brown  turmeric.  From  the  behavior  of  theso  coloring  matters  with 
various  acids  and  salts  he  concludes  that  the  alkalinity  of  the  fresh  muscio 
with  lacmoid  is  due  to  sodium  bicarbonate,  diphospbatej  and  probably  also 
to  an  alkaline  combination  of  proteid  bodies,  and  the  acid  reaction  with 
turmeric,  on  the  contrary,  to  monopbospliate  chiefly.  The  dead  muscle  has 
an  acid  reaction,  or  more  correctly  the  acidity  with  turmeric  increases  on  the 
decease  of  the  muscle,  and  the  alkalinity  with  hicmoid  decreases.  The 
difference  depends  on  the  presence  of  a  larger  quantity  of  monophosphate 
in  the  dead  muscle,  and  according  to  Rohmank  free  lactic  acid  is  found 
in  neitJier  the  one  case  nor  the  other*' 

K  we  disregard  the  somewhat  disputed  statements  relative  to  the  finer 
structure  of  the  muscles,  we  can  differentiate  in  the  striated  muscles 
^Kjtween  the  two  chief  components,  the  doubly  refracting — anuotropous — 

I  the  singly  refracting — isoiropous — substance.     If  the  muscular  fibres 

treated  with  reagents  which  dissolve  proteids,  such  as  dilute  hydro- 


^c  -various  theories  in  regard  to  the  reactioQ  of   the   muscles  anil  the  cause 
f  art!  conflictltJj<.   8oe  RTjUmaDo,  Pfltlger's  Arch,,  Bdd*  50  and  55 ;  Heffter^  Arcb. 
Path,  u.  Pliarm.,  Bdd.  31  aud  38. 
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chloric  acid,  soda  solution,  or  gastric  juice,  they  swell  greatlj  and  break  up 
into  "Bowman's  disks,"  By  the  action  of  alcohol^  chromic  acid,  boiling 
water,  or  iu  general  euch  reagents  as  cause  a  shrinking,  the  Obres  split 
longitudinally  into  fibrils;  and  this  l>ehavior  shows  that  several  chemically 
different  substances  of  various  solubilities  enter  into  the  construction  of  the 
muscular  fibres. 

The  proteid  myosin  is  generally  considered  as  the  chief  constituent  of  the 
diagonal  disks,  while  the  isotropous  substance  contains  the  chief  mass  of  the 
other  protoids  of  the  muscles  as  well  as  the  chief  portion  of  the  extractives. 
According  to  the  observations  of  Danilewsky,  recently  confirmed  by 
J,  Holmgren/  myosin  may  be  completely  extracted  from  the  muscle  with- 
out changing  its  structure,  by  means  of  a  54  solution  of  ammonium 
chloride.  Danilewsky  claims  that  another  proteid-like  substance,  insolu- 
ble  in  ammonium  chloride  and  only  swelling  up  therein,  enters  essentially 
into  the  structure  of  the  muscles.  The  proteida,  which  form  the  chief  part 
of  the  solids  of  the  muscles,  are  of  the  greatest  importance. 

Proteida  of  the  Muscles. 

Like  the  blood  which  contains  a  fluid,  the  blood-plasma,  which  sponta- 
neously coagulates,  separating  fibrin  and  yielding  blood-serum,  so  also  the 
liviug  muscle  contains,  as  first  shown  by  KOhne,  a  spontaneously  coagu- 
lating liquid,  the  muscle-plasma,  which  coagulates  quickly,  separating  a 
proteid  bo<ly,  myosin,  and  yielding  also  a  serum.  That  liquid  which  is  ob- 
tained by  pressing  the  living  muscle  is  called  tnusck-plaamay  while  that 
obtaine<l  from  the  dead  muscle  is  called  muscle'Serum,  These  two  fluids 
contain  different  albuminous  bodies* 

Muscle-plasma  was  first  prepared  by  Kuhne  from  frog-muscles,  and 
later  by  Halliburton,  according  to  the  same  method,  from  the  muscles  of 
warm-blooded  animals,  especially  rabbits.  The  principle  of  this  method  is 
as  follows:  The  blood  is  removed  from  the  muscles  immediately  after 
the  death  of  the  animal  by  passing  through  them  a  strongly  cooled  common- 
salt  solution  of  5-«3  p.  m.  Then  the  quickly  cot  muscles  are  immediately 
thoroughly  frozen  so  that  they  can  be  ground  in  this  state  to  a  fine  mass — 
**  muscle-snow."  This  pulp  is  strongly  pressed  in  the  cold,  and  the  liquid 
which  exudes  is  called  muscle-plasma.  According  to  v.  FCrth'  this  cooling 
or  freezing  is  not  necessary.  It  is  sufficient  to  extract  the  muscle  free  from 
blood,  as  above  directed,  with  a  G  p.  m.  common-salt  solution. 

Muscle-plasma  forms  a  yellow  to  brownish-colored    fiuid  with  a  strong 

*  Dttuilcwsky,  Zeitschr,  f.  physioL  Cliem.,  Bd.  7;  J.  Holmgren,  Maly's  Jahrealier., 
Bd.  28. 

•  See  Kdbne,  Unttraiichungen  Qber  das  Protoplastna  (Leipzig,  1864),  S.  3  ;  Hallibur- 
ton, Joura.  Qf  PbyaioL,  Vol.  i ;  v.  PHrth.  Arcli.  f.  exp.  PtvUi.  u.  Pharm.,  Bd,  36. 


It  is  somewhat  different  in  different  animals-  MuacldM 
plasma  from  the  frog  Bpontaneously  coagulates  slowly  at  a  little  above  CCM 
but  quicker  at  the  temperature  of  the  body*  Muscle -plasm  a  from  mammals 
coagulates^  according  to  v.  Furth,  even  slowly  at  the  temperature  of  the 
room.  According  to  Kuhne  and  v.  FuBTH  the  reaction  remains  alkaline 
during  coagulation,  while  according  to  n a lli burton  it  becomes  acid* 
According  to  the  older  views  the  clot  consists  of  globulin  and  myosin,  while 
V.  FuBTH  claims  that  it  consists  of  two  coagulated  proteida,  myosin  fibrin 
and  myogen  fibrin.  As  the  study  of  the  protcids  of  the  moscles,  as  well  as 
their  nomckilature,  has  been  somewhat  developed  in  the  last  few  years,  it  is 
neoessary  to  separately  discuss  the  proteids  of  the  dead  muscles  as  well 
as  those  of  the  muscle-plasma.  ■ 

The  proieids  of  the  dead  muschs  are  in  part  soluble  in  water  or  dilnfl 
salt  solutions,  and  part  are  insoluble  therein.  Myosin,  musculin,  myoglobu- 
lin»  and  myoalbumin  belong  to  the  first  group,  and  the  stroma  substancM 
of  the  muscle- tubes  belong  to  the  second  group*  ^ 

Myosin  was  first  discovered  by  Kuhne,  and  constitutes  the  principal 
mass  of  the  soluble  proteida  of  the  dead  muscle,  and  is  generally  considered 
as  the  most  essential  coagulation  product  of  muBcle-phisma.  With  the 
name  myosin  Kijhne  also  designates  the  mother-subatance  of  the  plasma^ 
clot,  and  this  mother-substance  forms,  according  to  certain  investigators, 
the  chief  maes  of  contiuctile  protoplasm.  The  statementa  aa  to  the  occur- 
rence of  myosin  in  other  organs  besides  the  muscles  require  further  proof* 
The  quantity  of  myosin  in  the  muscles  of  difFercnt  animals  yariea,  according 
to  Dakilewsky/  between  30  and  110  p,  m. 

Myosin,  as  obtained  from  dead  muscles,  ia  a  globulin  whose  elementary 
composition,  according  to  Chittekden  and  CrMMiNS,*  ia,  on  an  average^ 
the  following:  C  52.82,  H  7.U,  N  16.17,  S  1.27,  0  32.035^.  If  the  myosin 
separates  as  fibres,  or  if  a  myosin  solution  with  a  minimum  quantity  of 
alkali  is  allowed  to  evaporate  on  a  microscope-slide  to  a  gelatinous  mass, 
doubly  refracting  myosin  may  be  obtained.  Myosin  has  the  general  prop- 
erties of  the  globulins.  It  is  insoluble  in  water,  hut  soluble  in  dilute  saline 
solutions  aa  well  as  dilute  acids  or  alkalies^  which  readily  converts  it  into 
albuminates.  It  is  completely  precipitated  by  saturating  with  NaCl,  also 
by  MgSO^,  in  a  aohition  containing  M%  of  the  salt  with  its  water  of 
crystallization  (Halliburton),  Like  fibrinogen  it  coagulates  at  +  56^  C. 
in  a  solution  containing  common  salt,  but  differs  from  it  since  under  no  cir- 
cumstances can  it  be  converted  into  fibrin.  The  coagulation  temperature, 
according  to  Chittenden  and  Cummins,  not  only  varies  for  myosin  of  di 
ferent  origin,  but  also  for  the  same  myosin  in  different  salt  solutions. 

«  ZeiUctir.  f.  phyaloL  Chem.,  Bd.  7. 

■  Studies  from  the  PhysIoK  Cbem.  Laboratory  of  Yale  College,  New  HaTen,  Vol. 
p.  110. 
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Myosin  may  be  prepared  in  the  following  way,  as  snggested  by  Halli- 
burton :  The  muscle  is  first  extracted  by  a  b%  magnesium-sulphate  solu* 
tion.  The  filtered  extract  is  then  treated  with  magnesium  sulphate  iu  sub- 
stance until  100  c,c.  of  the  liquid  contains  about  50  grm^?.  of  the  salt.  The 
so-called  paramyosinogen  or  musculin  separates.  The  filtered  liquid  is  then 
treated  with  magnesium  sulphate  until  each  100  c.c.  of  the  liquid  holds  94 
grms.  of  the  salt  in  sohition.  The  myosin  which  now  separates  is  iiltered 
off,  dissolved  in  water  by  aid  of  the  retained  salt,  precipitated  by  diluting 
with  water,  and,  when  necessary,  purified  by  redissolving  in  dilute»salt  solu- 
tion and  precipitating  with  water. 

The  older  and  perhaps  the  usual  method  of  preparation  consifita,  accord- 
ing to  Danilewsky,'  in  extracting  the  muscle  with  a  5-10?^  ammonium- 
chloride  solution,  precipitating  the  myosin  from  the  filtrate  by  strongly 
diluting  with  water,  redissolving  the  precipitate  in  ammonium-chlorido 
solution,  and  the  myosin  obtained  from  this  solution  is  either  reprecipitated 
by  diluting  with  water  or  by  removing  the  salt  by  dialysis. 

Musculin/ called  paramyosinogen  by  Halliburton,  and  myosin  by  v. 
FuRTH,  is  a  globulin  which  is  characterized  by  its  low  coagulation  tempera- 
ture, about  +  47''  C,  which  may  vary  in  different  species  of  animals  (+  45* 
in  frogs,  +51'''  C,  in  birds).  Jt  is  more  easily  precipitated  than  myosin  by 
NaCl  or  MgSO^  (salt  containing  bO%  water  of  crystallization).  According  to 
V.  FuRTH  it  is  precipitated  by  ammonium  sulphate  with  a  concentration  of 
12-24  p.  m.  If  the  de^ul  muscle  is  extracted  with  water  a  part  of  the  musculin 
goes  into  solution  and  may  be  precipitated  therefrom  by  carefully  acidifying. 
It  separates  from  a  dilute  salt  solution  on  dialysis.  Musculin  readily  passes 
into  an  insoluble  modification  which  v.  FCrth  eiills  myosinfihrin.  Musculin 
is  called  myosin  by  v,  FCtrth,  as  he  considers  it  nothing  but  myosin.  Ab 
musculin  has  a  lower  coagulation  temperature  and  has  other  precipitating 
properties  for  neutral  salts  than  the  older  substance  called  myosin,  it  ia 
difficult  to  concede  to  this  view. 

Myoglobulin,  After  the  separation  of  the  musculin  and  tlie  myosin  from 
the  salt  extract  of  the  muscle  by  means  of  MgSO;  the  myoglobulin  may  be 
precipitated  by  saturating  the  filtrate  with  the  salt.  It  is  similar  to  ser- 
globuliu,  but  coagulates  at  +63**C,  (Haluburton),  Myoalhimifh  or 
muscle-albumin,  seems  to  be  identical  with  seralbumin  (seralbumin  «,  accord- 
ing to  Halliburton),  and  probably  only  originates  from  the  blood  or  the 
lymph.     Albumosea  and  ]ieptone  do  not  seem  to  exist  in  the  fresh  muscles. 

After  the  complete  removal  from  the  muscle  of  all  proteid  bodies  which 
are  soluble  in  water  and  ammonium  chloride,  an  insoluble  proteid  remains 
which  only  swells  in  ammonium-chloride  solution  and  which  forms  with  the 
other  insoluble  constituents  of  the  muscular  fibre  the  '*  muscle-siroma^'" 


»  ZeitBchr.  f.  phy»iol.  Cbem..  Bd,  8,  8.  168. 

*  As  we  liave  up  to  I  lie  present  do  coticluaive  basia  for  tbe  identity  of  tlie  gTobulins 
called  nijosf  n  and  pammyosiaogcn,  and  al&o  as  the  use  of  the  name  myosin  for  the  last- 
iijeDiioiied  Biibstance  may  readily  cause  confusion,  tht?  Attthor  does  not  feel  JusUfled 
In  dropping  tbe  old  name  musculin  (Nasse). 
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According  to  Daxilewsky  the  amount  of  such  stroma  substance  is  con- 
nected with  tlie  muscle  activity.  He  maintains  that  the  muscles  contain  a 
greater  amount  of  this  substaocBj  compared  with  the  myoajo  present,  when 
the  muscles  are  quickly  contracted  and  relaxed. 

According  to  J.  IIolmgreh*  this  stroma  substance  does  not  belong' to  either 
the  nucleoalbumin  or  the  nucleoproteid  group.  It  is  not  a  glycoproteid,  as 
it  does  not  yield  a  reducing  substance  when  boiled  with  dilute  miiieml  acids. 
It  is  very  similar  to  coagulated  proteids  and  dissolves  in  dilute  alkalies,  form- 
ing an  album  mate.  The  elementary  composition  of  this  substance  is  nearly 
the  same  as  tbat  of  myosin.  There  is  no  doubt  that  the  insolnble  substances, 
myofibrin  and  myosinfibrin,  which  are  formed,  according  to  v.  Fijrth,  in  the 
coagulation  of  the  plasma,  occur  also  among  the  stroma  substances.  When 
the  muscles  are  lu^eviously  extracted  with  water  the  stroma  substance  also 
contains  a  part  of  the  myosin  hereby  made  insoluble.  To  the  proteids  in- 
soluble in  water  and  neutral  salt  belongs  the  nucleoproteid  detected  by 
Pekeliiariko,'  and  occurring  as  traces  and  soluble  in  faintly  alkaline  water, 
and  which  originates  probably  from  the  muscle  nuclei. 

Mutde-nyfitoHiH,  which  may  l>e  obuined  by  cjtlrftctms?  ibe  muscles  with  hydro- 
cliloHc  acid  of  ]  p.m.,  and  wiiicli,  nrrnrdin^  to  K.  M<l»rker.  ia  less  soluble  aud  baa  a 
greiiler  aptltnde  to  precipilate  tliau  otber  acid  albuoims^  seems  not  to  occur  preformed  in 
Uie  muse  lea. 

Proteids  of  the  Muscle- plasma.  As  above  stated,  we  consider  as  myosin 
the  coagulated  modi tlcat ion  of  the  soluble  proteid  existing  in  the  muscle- 
plasma.  As  in  blood-plasma  we  have  a  m other-substance  of  fibrin,  fibrinogen, 
80  also  there  exists  in  the  muscle-plasma  a  mother-substance  of  myosin^  a 
soluble  myosin  or  a  myosinogen.  This  body  has  not  thus  far  been  isolated 
with  certainty.  llALLiBruTON,  who  Ints  detected  in  the  muscles  an  enzyme- 
like substance,  '*  myosin-fennent^'^  which  is  related  but  not  identical  with 
fibrin-ferment*  has  also  found  that  a  solution  of  purified  myosin,  in  dilute-salt 
solution  (5^  MgSOJ,  and  sufficiently  diluted  with  water,  coagulatea  after  a 
certain  time,  and  at  the  same  time  becomes  acid,  and  a  typical  myosin-clot 
separates.  This  coagulation^  which  is  accelerated  by  warming  or  by  the 
addition  of  myosin-ferment,  is»  according  to  Hallibcrtok,  a  process  analo- 
gous to  the  coagulation  of  the  muscle-plasma.  According  to  this  same  in- 
vestigator^ myosin  when  dissolved  in  water  by  the  aid  of  a  neutral  salt  is 
reconverted  into  myosinogen,  while  after  diluting  with  water  myosin  is  again 
produced  from  the  myosinogen.  No  definite  conclusion  can  be  drawn  from 
the«e  observations, 

Besjiles  the  traces  of  globulin  and  albumin,  which  perhaps  do  not  belong 
to  the  muscle- plasma.,  we  find  in  mammals,  according  to  v.  FOrth,  two  pro* 
teidjs,  namely,  musculin  (myosin  according  to  v.  FOrtu)  and  myogen. 

*See  DftDUewsky  atid  Holmgren^  foot-note  1.  page  883. 
•Zfltschr.  r  pbjsiol.  Chem..  Bd.  22. 
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MtTBCULiK  (Nasse)  =  paramyosinogen  (HALLiBrRTOK)  =  myosin  (t. 
Furth)  fonns  about  2Q%  of  the  total  proteids  of  the  muscle-plasma  ol 
rabbits.  Its  properties  have  already  been  given,  and  it  is  sufficient  to 
remark  that  its  solutions  become  cloudy  on  standing,  and  a  precipitate  of 
mt/OHhi'Jihrin  occurs,  which  is  insoluble  in  salt  solutions, 

Myogen,  or  MYOsiKortEN  (liALUBrKTON),  forms  the  chief  mass,  75-801^ of 
the  proteids  of  rabbit-muscle  plasma.  It  does  not  separate  from  its  solu- 
tions on  dialysis  and  is  not  a  true  globulin,  but  a  proteid  ^Kt  generis.  It 
coagulates  at  55-56''C.  and  is  precipitated  in  the  presence  of  24'-40<<;  ammo- 
nium sulphate.  Myogen  solutions  are  precipitated  by  acetic  acid  only  in  the 
presence  of  some  salt.  It  is  converted  into  an  albuminate  by  alkalies,  this 
albuminate  being  precipi table  by  ammonium  chloride.  Myogen  passes 
spontaneously,  especially  with  higher  tern penitu res  a^  well  as  in  the  ])resonce 
of  salt,  into  an  insoluble  modification,  mydgen-fibritu  A  proteid,  coagulating 
at  30-40^^0.,  soluble  myogen-fibrin  is  produced  as  soluble  intermediate  step. 
This  substance  occurs  to  a  considerable  extent  in  luitive  frog-muscle  plasma. 
It  does  not  always  occur  in  the  muscle-plasma  of  warm-blooded  animals,  and 
when  it  does  it  is  present  only  to  a  slight  extent.  It  can  be  sepamted  by 
precipitating  with  salt  or  by  diiTusion.  nALLiBrRTON*8  a?sum]jtion  as  to 
the  action  of  a  special  myosin  ferment  has  not  sutficient  basis,  according  to 
V.  FCiiTTi,  nor  has  the  often-admitted  analogy  with  the  coagulation  of  the 
bk»od.  The  diiference  between  the  musculin  and  the  myogen  becoming 
insoluble  is  that  the  musculin  passes  into  myosin>6brin  without  any  soluble 
intermediate  steps. 

Myogen  may  be  prepared,  according  to  v.  Ft^RTH,  by  transiently  heating 
the  dialysed  and  filtered  plasma  to  52^  C,  separating  it  in  this  way  from  the 
rest  of  the  musculin.  The  myogen  exists  in  the  new  filtrate  and  can  be 
precipitated  by  ammonium  sulphate.  The  musculin  may  also  be  removed 
by  adding  28^  ammonium  sulphate  and  then  precipitating  tlio  myogen  from 
the  filtrate  by  saturating  with  the  salt. 

If  the  myogen,  as  v.  Fl^rth  claims,  is  no  globulin  it  cannot  be  identical 
with  Halliburton's  myosiuogen,  and  it  is  also  difficult  to  bring  the  myogen 
in  certain  relationship  to  Kuhne*s  myosin,  which  is  also  a  globulin.  As  muscu- 
lin (paramyosinogen)  does  not  yield  any  myosin  clot  on  coagidation,  and  as  it 
differs  from  KCHNE'a  myosin  from  dead  muscles  in  coagulation  temperature 
as  well  as  precipitation  properties,  it  is  hardly  possible  to  bring  the  experi- 
ence of  the  older  investigators  into  accord  with  the  observations  of  v.  FCuTH, 
and  hence  further  researches  on  this  subject  are  greatly  to  be  desired. 

Myoproteid  is  a  proteid  found  by  v.  FCrth  in  the  plasma  from  fish- 
muscles.  It  does  not  coagulate  on  boilings  is  precipitated  by  acetic  acid,  and 
considered  as  a  compound  proteid  by  v.  FCrth. 

Muscle-pigmetits,  There  is  no  question  that  the  red  color  of  the  muscles 
even  when  completely  freed  from  blood  depends  in  part  on  basmoglobin. 
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K.  MuEXSB  has  shown  that  muscle  haemoglobin  le  not  identical  with  hlood- 

haemoglobin.     The  statement    of  MacMukn  that  in  the  mnsdes  another 

pigment  occurs  which  ib  allied  to  ha^nochromogen  and  called  m^ohamuUin 

bjr  him  has  not  been  substantiated,  at  least  for  muscles  of  higher  animaltt 

(Levy  and  Ho&xer  ^).     MacMo^n  claims  th^t  myoh^pmatin  oocnn  in  the 

mtiadei  of  insects,  which  do  not  contain  anj  h^mo^obin. 

The  reddldi-jenow  coloxioi?  mailer  of  the  nmaclei  of  the  Mlmoa  hAs  been  Hale 
itadied.  Tnoe»  of  enzjmea,  sucb  as  pepsin  and  duiMatic  eoijmes,  have  beetj  foutid  m 
them.  The  so-called  '*  myodn-fermeot^'  &Dd  prob&bljr  an  enzyme  pfodudng  laciic-acid 
fermeataUon,  are  also  found  io  tlieae  muides. 

Ejttractive  Bodies  of  the  Muscles. 

The  niiroff9ncu$  txtrariivu  consist  chiefly  of  enaiii^  on  an  arerage  of 
1-4  p.  m*t  in  the  fresh  muscles  containing  water,  also  the  xanthin  bodies, 
hifpoxmUhin  and  xaiUhin^  besides  guanin  and  camin.  The  average  qnanti* 
ties  of  hypoxanthin,  xanthin,  and  guanin  in  1000  ports  of  the  dried  sub* 
stance  of  the  muscles  of  oxen  are,  according  to  Kossel,'  respectively  %.Z0^ 
0.53^  and  0.20  grms.,  and  in  the  embryonic  fa-mnstdes  respectiTely  3.59» 
1.11,  and  4.12  grms. 

Among  the  habitually  occurring  nitrogenous  extraetiTes  we  should  men* 

tion  phosphocarnic  acid  and  also  in&sinic  acid,  which  is  perhapa  allied  to  it* 

Amoog  the  extmctiire  subetanceB  we  ftlio  ftod  the  add  found  by  Limfkicht  in  the 
llesli  of  certalu  cyprindea,  uauiely,  the  nltrogenized  proiie  and  aad  i»crmt\nih  *  found 
by  J.  Thxsen  iu  tisb-flesb.  Urk  acid,  ur^,  t^urin^  aod  leuein  are  fouod  u  trmccs  la 
tbe  muscles,  in  oeitsiii  cases  only,  of  a  few  specif^  of  animals.  In  regard  to  the 
Amount  of  tbese  dUferent  extractives  in  tbe  muscles*  KRUKaNssKo  and  Wagkbr*  have 
shown  that  it  Taries  greatly  in  different  animals.  A  large  quantity  of  urea  is  fotind  In 
the  muscles  of  tbe  shark  and  lay;  uric  acid  is  found  io  aliigaiurs;  isnrin  in  cephalopoda; 
^eoGoU  in  moUoahs^  pecten  irradians;  and  crwaiiniM  in  lUTania  imperialis,  etc»  etc.  The 
fi;ports  are  Tery  cootiadictory  in  reigard  to  the  oocurreoce  of  urea  hi  the  muaeJes  of 
higher  aoianals  Accordhig  to  the  recent  iaTcsllgatioiis  of  KAUFMAjni  and  SoitaDoayF 
urea  is  a  regular  OLtostituent  of  the  muscles,  while  M*  Nsscaci  aod  Kowajigei  *  claim 
that  this  Is  not  sol  Seb^yndorff  *  has  prepared  urea  in  subilaaee  from  the  musdeeof  dogs 
aad  cats  aod  Sdeotified  it  by  elementary  aoalysls.  The  quantity  of  urea  io  the  muKlea 
was  on  an  aferage  of  0.884  p«  m 

Tbe  xanthin  bodies^  with  the  exception  of  c&min,  hare  been  treated  on 
pages  116-121,  and  therefore  among  the  extractiTe  bodies  we  wiU  first 
eonsider  the  creatin. 

Cr^atin,  C\H,N,0,  +  H,0,  or  mkthylguanidix- acetic  acid,  NH  : 
C(XH^).X(CHJ.CH,XOOH  +  H,0,  occurs  in  the  muscles  of  vertebrate 

)8ee  MacMaan.  PhiL  Tfant.  of  Hoy.  Soc.»  Vol.  177.  part  1.  Joum  of  Phy^l, 
ToL  g.  and  Zdtachr.  f.  phyiioL  Chem..  Bd.  18;  Levy,  ^tid.,  Bd.  13;  K.  MObbxb*  Nord. 
Med,  Afchir.  Feat  band.  1B97.  and  Maly's  Jabresber..  Bd.  t7. 

*  ^itschr.  f.  pbysfol.  CbeuL.  Bd  8,  6.  406. 

*8ee  Limpdcht  Anoal  d.  Chem,  u«  Fbarm,.  Bd.  1^;  and  ThflKO«  Zeitachr  L 
phyikiL  Cbem.,  Bd.  SI 

*  7     ^dir,  f-  Biologie*  Bd.  tl. 

ifmanu,  Ardu  de  PhysioL,  (5)  Tome  d ;  SchOndoriE.  Plinfer'a  Arch.«  Bd.  it ; 
>'cucki  aad  Kowmrski,  Arch.  f.  expu  Path.  u.  Pharm.,  Bd.  It. 
•Ptllkier'sAfeh.,Bd.  74 
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animals  in  variable  amounts  in  different  species  ;  the  largest  quantity  is 

found  in  birds.     It  is  also  found  in  the  brain,  blood,  transudations,  and  the 

amniotic  fluid.     Creatin  may  be  pre}iared  synthetically  from  cyanamid  and 

earcosin  (methylglycocoll).     On  boiling  with  baryta* water  it  decomposes, 

with  the  addition  of  water,  and  yields  urea^  sarcosin,  and  certaui  other 

products.     Because  of  this  behavior  several  investigators  consider  creatin  as 

a  step  in  the  formation  of  urea  in  the  organism.     On  boiling  with  acids 

creatin  is  easily  converted^  with  the  elimination  of  water,  into  creatinine 

CJI,N,0,  which  occurs  in  urine,  and  which  has  also  been  found  in  the 

muscles  of  the  dog  by  Monari  *  (see  Chapter  XV). 

According  to  St.  Johksok  no  creatin  occurs  in  tlic  fresh  flesh  of  oxen,  but  a  craa^ 
itnin,  diflferiDg  from  tbat  found  in  uritie  ;  but  this  state  meiit  is  to  correct  according  to 

WOERNER.* 

Creatin  crystallizes  in  hard,  colorless,  moooclinic  prisms  which  lose  their 
water  of  crystallization  at  100"*  C.  It  dissolves  in  74  parts  of  water  at  the 
ordinary  temperature  and  9410  parts  absolute  alcohol.  It  dissolves  mora 
easily  with  the  aid  of  heat.  Its  watery  solution  has  a  neutral  reaction. 
Creatin  is  not  dissolved  by  ether.  If  a  creatin  solution  is  boiled  with 
precipitated  mercuric  oxide,  this  is  reduced,  especially  in  the  presence  of 
alkali »  to  mercury  and  oxalic  acid,  and  the  foul-smelling  mcthyluramin 
(methylguanidin)  is  developed.  A  solution  of  creatin  in  water  is  not  precipi- 
tated by  basic  lead  acetate,  but  gives  a  white,  flaky  precipitate  with  mex- 
curous  nitrate  if  the  acid  reaction  is  neutralized.  When  boiled  for  an  hour 
with  dilute  hydrochloric  acid  creatin  is  converted  into  creatinin,  and  may 
be  identified  by  its  reactions. 

The  preparation  and  detection  of  creatin  is  best  performed  by  the  follow- 
ing method  of  Netbauer,*  wliich  was  first  used  in  the  preparation  of  crea- 
tin from  muscles:  Finely  cut  flesh  is  extracted  with  an  equal  weight  of  water 
at  +55'*  to  60°  C.  for  10-15  minutes,  pressed  and  extracted  again  with 
water.  The  proteids  are  removed  from  the  united  extracts  as  far  as  possible 
by  coagulation  at  boilitjg  heat,  the  filtrate  preci|iiUited  by  tlie  careful  addi- 
tion of  basic  lead  acetate,  the  lead  removed  from  this  filtrate  by  H,S  and 
carefully  concentrated  to  a  small  volume.  The  creatin,  which  crystallizes 
in  a  few  days,  is  collected  on  a  filter,  washed  with  alcohol  of  88^,  and  puri- 
fied, when  necessary,  by  recrystallizution.  The  quantitative  estimation  of 
creatin  is  performed  according  to  the  same  method. 

Ifooraatinln,  ia  a  crcatiuln  fsomerlc  wHh  ordlDiiry  cre&tinin  and  found  by  THESEif  ^ 
in  Ibe  tleRh  ctf  the  codfish.  It  crystalJlzes  in  y«?llow'oee<lles  or  plates,  is  more  solublislo 
cold  water,  but  more  insoluble  in  alcohol,  than  the  ordinary  creatiniQ,  and  gives  apfcniie 
whtcli  is  reaiiily  soluble  and  a  zinc  chloride  combination  which  is  relatively  roadll/ 
soluble.  It  g'ives  Wkyi/s  reaction  leia  rapidly,  and  does  not  give  methylguauidia  on 
treatment  with  potassium  permanganate. 


» Maly's  Jahrcsber.   Bd,  19,  8.  296. 

•Johnson,  Proc.  Roy.  Soc.,  vols.  48.  50  ;  Woenier,  Du  Bois*Reymond*8  Arcb«,  1898, 
and  Zcitschr.  f.  pbysiol.  Chem.,  Bd-  27. 
*Zeit8cfar.  t  analyt.  Cbem.»  Bdd.  2  and  5. 
*L.  c. 
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CarniiL,  C,H^N,0.  +  n,0,  is  one  of  the  subataiices  found  by  Weidel  ia 
AmericMn  nieiit  extract.  It  has  also  been  found  by  Kkikenberg  and 
Waqi^er  in  frog-niusclos  and  in  the  flesh  of  fishes,  and  by  PouchetWd  the 
urine,     CarDiti  may  be  transformed  into  liypoxanthin  by  oxidation. 

Caruin  baa  been  obtained  as  a  white  crystalline  mass.  It  dissolves  with 
difficulty  in  €okt  water,  but  dissolves  easily  in  warm.  It  ifi  insoluble  ia 
alcohol  and  ether.  It  dissolves  in  warm  hydrochloric  acid  and  yields  a  aalt, 
crystallizing  in  shining  needles,  which  gives  a  double  combination  with 
platinum  chloride.  Its  watery  solution  is  precipitated  by  silver  nitrate,  but 
this  precipitate  is  dissolved  neither  by  unimunia  nor  by  warm  nitric  ncii 
Carnin  does  not  give  the  so-called  Weidel's  xanthin  reaction.  Its  watery 
solution  ia  precipitated  by  basic  lead  acetate;  still  the  lead  combination  may 
be  dissolved  on  boiling. 

Camin  is  prepared  by  the  following  method:  The  meat  extract  dilated 
with  water  is  completely  precipitated  by  baryta-water.  The  filtrate  is  pt^ 
cipitated  by  basic  lead  acetate,  the  lead  preci|)itate  boiled  wnth  water,  fil- 
tered while  hot,  and  sulphuretted  hydrogen  passed  through  the  filtrate. 
Remove  the  lead  sidj>hide  from  the  filtrate  and  concentrate  strongly.  Tlie 
concentrated  solutioji  is  now  completely  precipitated  with  silver  nitrate,  the 
precipitate  waslied  free  from  silver  chloride  by  ammonia,  and  the  carainfiil* 
yer  oxide  suspended  in  water  and  treated  with  sulphuretted  hydrogen. 

Flioiptiocaniio  aoid '  Jb  n  com  plicated  subBlaDce,  first  isolated  by  SiKaFBiEO  from  tae«t 
extracts,  which  yiehia  us  cleavage  products,  succinic  acid,  carbon  dioxidt*,  phosphoric 
acid,  uud  a  carboliydr  ate  gruup,  besides  tbe  prevlausly  uiuutloued  caruic  ucid.    It  sijind^, 
ftccordmg  to  SiKorarED,  in  close  r^ktloufiliip  to  ihc  ouclelus.   and  as  it  yields  pep- 
tone (cariiic  acid),  il  is  designated  as  a  nucleon  by  Siegfhied,  Phosphocarnic  acidmivbc 
precipitated  aa  an  iron  combiuathjn.  carnifernn,  from  the  extract  of  tbe  muscles iK* 
from  proifids.     KbTscuKR  ■  cliiims  Ibat  earniferrin  caaout  be  a  unit  bc^dy  ou  account  of 
its  method  of  prepiiralioii.     According  to  biui  it  h  a  niirture  of  iron  combinations  of 
beterogeueona  bodies.  The  quantity  of  phosphoearuicacid,  calculated  aa  caruic  aciJ,  c«b 
be  deiernimed  by  ninltipl^ing  tbe  quantity  of  nitrogen  in  the  combination  by  thefjicl^ 
6.1237  (Balk K  and  luE).     In  tbla  way  tsiKGFiUED  found  0,57-2.4  p.  m.  carnic  acid  i^ 
the  resting  niimclesof  tbt*  dog,  and  M.  Mrii.LEU  1-2  p.  m.  in  the  muscle  of  ttdultsitt*! 
a  maiiraura  of  0,57  p.  ni,  in  those  of  new-born  infants.    Phosphocarnic  acid  which bM 
DOI  been  pretmred  pure  in  tbe  free  stale  is,  according  toSiEGKHiED,  a  source  of  eoerff 
In  the  musdes  and  is  consumed  during  work»     Busities,  by  means  of  its  property  «t 
forming  soluble  salts  wilb  ibe  alkaline  eiirtbs,  as  also  an  iron  combination  soluble !& 
alkaltnea,  il  serrea  lo  act  as  a  means  of  t  ran  apo  rial  ion  of  these  bodies  in  the  animal  bodjr^ 

Phoiphocarnlc  acid  is  prepared  from  tbe  extract  free  from  proteid  by  firmt  remoriof 
tbe  pbosphnU'  by  CaCla  and  NHa.  The  add  is  precipitated  from  Ihe  flUrate  while  hcAV 
iog,  as  airuiferrin  by  ferric  chloride. 

Imotlnle  Add.     Ibis  acid  was  tirtt  isolated  from  the  desh  of  certain  animals  by  Ui 
BIG  and  closely  fit u died  by  Hatsee.^    U  cont^uns  pho^pborotis,  is  amorphous,  andgirt 

*  Weidel,  Annal.   d.  Cbem.  u.  Pbarm,,  Bd.   158;  Wagner,  Sitzungsber.  d.  Wttnll 
phys.-med.  Qeaellseh.,  1888;   Pouchet,  cited  from    Neubauer-Huppert,    Analyic 
Harnes,  10.  Aufl,,  S.  335. 

^  In  regard  lo  carnic  acid  and  phosphocarnic  acid  see  the  works  of  Siegfried,  Du  Boia* 
Reymond's  Arch..  189^^  Ber.  d.  dentscb.  Cbem.  Geaellsch.,  Bd.  28,  and  Zeitachr,  f,  phy« 
ftiol.  Chcm.,  Bd.  21  ,  M.  MuOer,  ibid.,  Bd.  22  ;  KrUger  ibid.,  Bd,  22  ;  Balke  and  Ide;^ 
««£?.,  Bd.  21,  and  Balke,  ifriU,  Bd.  22.  J 

*  Zeitschr.  f.  phyfciol.  Chem.,  Bd.  26.  ' 
<  Liteblg.  Annal  d.  Chem,  u.  Pbarm.,  Bd.  62 :  Haiser,  MonaUhefle  f.  Chem.,  Bd,  le 
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[cr^'staltine  stilts  with  b&rium  nud  calcium.  Its  formula  is  CioHitN^PO*.  HAiaER  ob- 
rUihed  tijpoxiiiitJiiji  tis  a  cteiivn<^e  product,  and  probnbly  also  trioxy valerianic  acid,  al> 
[ihougli  il  was  uoi  posiiivel}*  proved. 

We  must  also  include  amoug  the  nitrogenous  extractives  those  bodiea 
'which  were  fii*Bt  discovered  by  Gaitier'  and  wliicii  occur  only  in  very 
small  quantities,  namely,  the  leucomaines,  xanthocreatinin^  C^H,^K^O, 
crusocreaftnin,  C^H.N^O.  ampkicrmtinin^  C^H,,N^O^,  and  pseudoxanthin^ 
C.H.N.O. 

H  In  the  aualysis  of  meat  and  for  the  defceotlon  and  separation  of  the  Yari- 
ous  extractive  bodies  of  the  same  we  makt^  use  of  the  systematic  metboti  as 
Buggested  by  Gautier,'  for  details  of  which  we  must  refer  the  reader  to  the 
original  article. 

The  noB-nitrogenoui  extractive  bodies  of  the  muscles  are  imsit,  ghjco* 
gefi^  sugar y  and  hictic  acid. 

(Inoait,  C.Hj^O,  +  HjO.  This  body,  discovered  by  Scherer,  is  not  a 
carbohydrate,  but  belongs  to  the  aromatic  series  and  seems  to  be  hexuhy- 
droxybenzol  (Maquexne*),  With  hydriodic  acid  it  yields  benzol  and  tri- 
iodophenoL  Inosit  is  found  in  the  muscles^  liver,  spleen,  leucocytes,  kidneys, 
suprarenal  capsule^  lungs,  brain,  testicles,  and  in  the  urine  in  pathological 
cases,  and  as  traces  in  normal  urine.  It  is  found  very  widely  distributed  in 
the  vegetable  kingdom,  especially  in  unripe  fruits  and  in  green  beans  [pha- 

■  teolus  tmlffaris),  and  therefore  it  is  also  called  phaseomankit. 
Inosit  crystallizes  in  large,  colorless,  rhombic  crystals  of  the  monocUnio 
system,  or,  if  not  pnre  and  if  only  a  small  quantity  crystallizes,  it  forma 
groups  of  fine  crystals  similar  to  caulillower.  It  loses  its  water  of  crystalli- 
zation at  ne'e,  also  if  exposed  to  the  air  for  a  long  time,  Such  exposed 
H^crystals  are  n  on -transparent  and  milk-wlijte*  The  crystals  melt  at  217**  C. 
Inosit  dissolves  in  7*5  parts  of  water  at  ordinary  temperature,  and  the  solu- 
tion has  a  sweetish  taste.  It  is  insoluble  in  strong  alcohol  and  in  ether.  It 
dissolves  copper  oxy hydrate  in  alkaline  solutions,  but  does  not  reduce  on 
boiling*  It  gives  negative  results  with  MooRK'a  test  and  with  Bottger- 
Almek's  bismuth  test.  It  does  not  ferment  with  beer-yeast,  but  ujay  under- 
go lactic-  and  butyric-acid  fermentation.  The  lactic  acid  formed  thereby  is 
sarcolac tic  acid  according  to  IIilger,  and  fermentation  lactic  acid  according 
to  VOHL.*  Inosit  is  oxidized  into  rhodizonic  acid  by  an  excess  of  nitric  acid, 
and  the  following  reactions  depend  upon  this  behavior: 

If  inosit  is  evaporated  to  dryness  on  platinum-foil  with  nitric  acid  and 
the  residue  treated  with  ammonia  aud  a  drop  of  calcium-chloride  solution, 
and  carefully  re-evaporated  to  dryness,  a  beautiful  rose-red  residue  is  ob- 


I 


>  Maly*a  Jahreshcr,.  Bd.  16,  8.  533, 

*Ibid,,  Bd.  22.  8.  335. 

•Bull  de  la  Soc.  chim.  (2).  Tomes  47  aud  48;  Comp.  reod.,  Tome  104. 

•Hilger,  ABoal.  d.  Chem.  u.  Pharm..  Bd.  160;  Volil,  Ben  d.  deuUck  Chem.  Gesellscli., 


Bd.  9. 


342 


MUSCLE. 


tained  (Soherer's  inosit  test).  If  we  evaporate  an  inosit  solution  to  incipi- 
ent dryness  and  moisteu  tlie  residnc  with  a  little  mercuric^mtrate  solution, 
we  obtain  a  yellowish  residue  on  dryiog,  which  becomes  a  beautiful  red  on 
strongly  heating.  Tlie  coloration  disappears  on  cooling,  but  it  reappears  ob 
gently  warming  (Gallois's  inosit  test). 

To  prepare  inosit  from  a  liquid  or  from  a  watery  extract  of  a  tissue,  the 
proteids  are  tiret  removed  by  coagulating  at  bailing  beat.  The  filtrate  is 
precipitated  by  sugar  of  lead,  this  filtrate  boiled  with  l)a8ic  lead  acetate  and 
allowed  to  stand  24^8  hours.  The  precipitate  thus  obtained^  which  con- 
tains all  the  inosit,  is  decomposed  in  water  by  H^S.  The  filtrate  is  stronglj 
concentrated,  treated  with  2-4  vols,  hot  alcohol,  and  the  liquid  removed  m 
Boon  as  possible  from  the  tongh  or  flaky  masses  which  ordinarily  separate. 
If  no  crystals  separate  from  tlie  liquid  within  24  hours,  then  treat  with  ether 
until  the  liquid  has  a  milky  appearance  and  allow  it  to  stand-  In  the  prts- 
ence  of  a  sufficient  quantity  of  ether,  crystals  of  inosit  separate  within  34 
hours.  The  crystals  thus  obtained,  as  also  those  which  are  obtained  from 
the  alcoholic  solution  directly,  are  rocrystallized  by  redissolving  in  very  little 
boiling  water  and  the  addition  of  3-4  vols,  alcohol. 

Ghjc&gen  is  a  constant  constituent  of  the  living  muscle,  while  it  maybe 
absent  in  the  dead  muscle*  The  quantity  of  glycogen  varies  in  the  different 
muscles  of  the  same  animal.  Bohm^  found  10  p.m.  glycogep  in  the  muscles 
of  cats,  and  moreover  he  found  a  greater  amount  in  the  muscles  of  the  ex- 
tremities than  in  those  of  the  rump.  The  food  also  has  a  great  influence. 
BoHM  found  1-4  p.  m.  glycogen  in  the  muscles  of  fasting  animals,  and  7-W 
p.  m.  after  partaking  of  food.  As  stilted  in  Chapter  VlII,  lack  of  caibo- 
hydrates  in  the  food  causes  the  glycogen  to  disappear  earlier  from  the  liver 
than  from  the  muscles. 

The  sugar  of  the  muschstOl  which  traces  only  occur  in  the  living  mnacle  j 
and  which  is  probably  formed  after  the  death  of  the  muscle  from  tlie  muscle- 
glycogeUj  is,  according  to  the  investigations  of  Panormoff/  probably  del- J 
trose.     As  an  intermediate  step  in  this  sugar-formation  we  must  mention 
dextrin,  which  is  sometimes  found  in  the  muscles.    Perhaps  this  dextrin  ha 
been  confounded  with  glycogen. 

Laotio  Acids.  Of  the  oxypropionic  acids  with  the  formula  C,H,0,  there 
18  one,  hydracrylic  acid,  CH,(OH).CH,.COOH,  which  is  not  found  in  th«| 
animal  body  and  therefore  has  no  physiological  chemical  interest,  Inde 
only  a-oxypropionic  acid  or  ethylidene  lactic  acid,  CUj,(OH).CHCOOH,  ol 
which  we  have  three  physical  isomers,  is  of  importance.  These  three  ethjJ 
lidene  lactic  acids  are  the  ordinary,  optically  inactive  fermentatiok  lactic 
ACID,  the  dextro-rotatory  paealactic  or  sarcolactic  acid*  and  tlie  L^vo 
LACTIC  acid  obUined  by  Schardtnger  by  the  fermentation  of  cane-§ug 
by  means  of  a  special  bacillus.     This  l^evolaotic  acid  has  also  been  detecte 

»  Pflager'«  Arch.,  Btl.  3S»  S.  44. 
•Zeitschr.  f.  physial.  Chem..  Bd.  17. 
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by  Blachstbin  in  the  culture  of  Gaffky's  typhoid  bacillus  in  a  solution  of 
fiugar  and  peptone,  and  which  is  formed  by  variotis  vibriones,  need  not  be 
deeoribed  here.^ 

The  fermentation  lactic  acid^  which  is  formed  from  the  milk-sugar  by 
allowing  milk  to  Bour  and  by  the  acid  fermentation  of  other  carbohy- 
drates, is  considered  to  exist  in  small  C|uantities  iu  the  muscles  (Heiktz),  iu 
the  gray  matter  of  the  brain  (Gsctieidlen)/  and  in  diabetic  urine.  During 
digestion  this  acid  is  also  found  iu  the  content*  of  the  stomach  and  intestine, 
and  as  alkali  lactate  iu  the  chyle.  The  paralactic  acid  is,  at  all  events,  the 
true  acid  of  meat  extracts,  and  this  alone  has  been  found  with  certainty  in 
dead  muscle.  The  lactic  acid  which  is  found  in  the  spleen,  lymphatic  glands, 
thymue,  thyroid  gland,  blood,  bile,  pathological  transudations,  osteomalacions 
bones,  in  perspiration  in  puerperal  fever,  and  in  the  urine  after  fatiguing 
marches,  in  acute  yellow  atrophy  of  the  liver,  in  poisoning  by  phosphorus, 
and  especially  after  extirpation  of  the  liver,  seems  to  bo  paralactic  acid* 

The  origin  of  paralactic  acid  in  the  animal  orgauism  hiis  been  sought 
by  several  investigators,  who  took  for  ba^is  the  researches  of  Gaglio, 
Minkowski,  and  Araki,'  in  a  decomposition  of  proteid  in  the  tissues. 
Gaglio  claims  a  lactic-iicid  formutiou  by  passing  blood  through  the 
kidneys  and  lungs,  lie  also  found  0.3-0.5  p.  m.  lactic  acid  in  the  blood 
of  a  dog  after  proteid  food,  and  ouly  0,17-0.^1  p.  in.  after  fastiug  for  48 
hours*  According  to  Minkowski  the  quantity  of  lactic  acid  eliminated  by 
the  urine  in  animals  with  extirpated  livers  is  increased  with  proteid  food, 
while  the  administration  of  carbohydrates  has  no  effect.  Araki  has  also 
shown  tljat  if  we  produce  a  scarcity  of  oxygen  in  animals  (dogs,  rabbits,  and 
hens)  by  poisoning  with  carbon  monoxide,  by  the  inhalation  of  air  deficient 
in  oxygen,  or  by  any  other  meiins,  a  considerable  elimination  of  lactic  acid 
(besides  dextrose  and  also  often  albumin)  takes  place  tii rough  the  urine* 
Aa  a  scarcity  of  oxygen,  according  to  the  ordinary  statements,  produces  an 
increase  of  the  proteid  katabolism  in  the  body,  the  increased  elimination  of 
lactic  acid  in  these  cases  must  be  due  in  ]>art  to  an  increased  proteid 
destruction  and  in  part  to  a  diminished  oxidation* 

Araki  has  not  drawn  such  a  conclusion  from  his  experiments,  but 
he  considers  the  abundant  formation  of  lactic  acid  to  be  due  to  a  cleavage 
of  the  sugar  formed  from  the  glycogen.  He  found  that  in  all  cases  where 
lactic  acid  and  sugar  appeared  in  the  urine  the  quantity  of  glycogen  in  the 


*See  Schttrdinget.  Moixftlslitfle  f.  Cliem.,  Bd.  II;  BJfichsiein,  Arch,  de*  sticuccs  h\o\, 
de  St.  Peterabourg.  Tome  1,  p.  199;  Kuprmnow,  Arch,  f.  Hygiene,  Bd.  ISJ,  und  Gosio, 
ifnd,,  Bd.  31. 

'  Heintz,  Annul,  d.  Cliem,  u.  Pharm.,  Bd.  157,  and  Gschcidleu.  PflUger's  Arch,,  Bd* 
8.  8.  171. 

•  Gaglio.  Du  Boi3-BeymoDd*a  Arcb.»  1886  :  Minkowski,  Arch,  exp.  Path,  u,  PhAnn,, 
Bdd.  21  anil  31  ;  Araki,  ZeUschr  f.  physioL  Cljem.,  Bdd   15,  16.  17.  nud  19. 
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liTer  and   muscles  was    always   dimiuished.     Uo   also   calls   attautioii  lo 
the  fact  that  dextrolactic  acid  may  be  formed  from  glycogen,  as  direetlj 
obBerved  by  Ekunina,"  and  also  to  tlio  numerous   observations  oa  the 
formation   of  lactic  acid  and  the  consumption  of  glycogen  in   miuciilar 
activity.     Without   denying  the  possibility  of  a  formation  of  lactic  mi 
from  proteid,  he  states  that  with  lack  of  oxygen  we  have  to  deal  with  ui 
incomplete  combustion  of  the  lactic  acid  derived  by  a  cleavage  of  the  sugar. 
IIoppe-Skyler'  also  positively  defends  the  view  as  to  the  formation  of 
lactic   acid   from  carbohydrates.     lie  is  of   the   view  that   lactic  acid  is 
produced  from  the  carbobydrates  by  the  cleavage  of  the  sugar  only  vitk 
lack  of  oxygen,    while  with  sufficient  oxygen  the  sugar   is   burned  into 
carbon  dioxide  and  water.     The  formation  of  lactic  acid  in  the  absence  of 
free  oxygen  and  in  the  presence  of  glycogen  or  dextrose  is,  according  to 
Hoppe-Seyler,   very  probably  a   ItiDctiou   of  all   living  protoplasm.   We 
have  good   ground  for   the   assumption   of   the  formation  of  lactic  acid 
from  proteid  as  well  as  from  carbohydrates,     Phosphocarnic  acid  is  consid- 
ered by  Si  EG  Fill  ED  tis  another  source  of  sarcolactic  acid. 

The  lactic  acids  are  amorphous.     They  have  the  appearance  of  colorleffl 
or  faintly  yellowish,  acid- reacting  syrups  which  mix  in  all  proportions  irith 
water»  alcohol,  or  ether.     The  salts  are  soluble  iu  water,  and  most  of  them 
also   in  alcohol.     The   two   acids   are   ditTerentiated   from  each  ether  by 
their    different    optical    properties — paralactic    acid    being  dextrogyrate, 
while  fermentation  lactic  ivcid  is  optically  inactive — also  by  their  diffensnt 
solubilities   and   the  different  amounts  of  water  of  crystallization  of  the 
calcium  and  zinc  salts,     The  zinc  salt  of  fermentation  lactic  acid  disgoh* 
in  58-63  parts  of  water  at  14—15*^  C.  and  contains  18. 18j^  water  of  crystalli- 
zatiou*  corresponding  to  the  formula  Zn{C,II^OJ,  -\-  3H^0.     Tlie  zinc  silt 
of  paralactic  acid  diaaolves  in  17.5  parts  of  water  at  the  above  tempeflv- 
ture    and   contains   ordinarily  12, 9<^  water,    corresponding  to  the  formula 
Zn{C,ii^O,),  +  211^0.     The  calcium  salt  of  fermentation  lactic  acid  dis- 
solves in  9.5  parts  water  and  contains   29.22;^  (=  5  mol.)  water  of  crystalli- 
zation, while  calcium  paralactale  dissolves  in  12*4  parts  water  and  contaicft 
24.83  or  26,21flf  (=4  or  4^  moL)  water  of  crystallization.     Both  calcium 
salts  crystallize,  not  unlike  tyrosin,  in  spheres  or  tnfta  of  very  fine  micro-" 
Bcopic  needles.     Hoppe-Seyler  and  Araki,'  who  have  closely  studied  tb«1 
optical  properties  of  the  lactic  acids  and  lactates,  consider  the  lithium  sail 
as  best  suited  for  the  preparation  and  quantitative  estimation  of  the  lactii 
acids.     The  lithium  salt  contains  7.29^  Li. 


1  Jouru,  f.  prakt.  Chem.  (K.  F.),  Bd.  2L 

*  Virchow'a  Festschrift,  also  Ben  d.  deutsch.  cliem.  Geaellscb,,  Bd.  25,  Refenitb.| 
S.  685. 

•ZeitacUr.  f,  pUyaioL  Chera.,  Bd.  20. 


LACTIC  ACIDS. 


346 


Lactic  acids  may  be  detected  m  organs  atid  tissues  in  the  following: 

(manner:    After  complete  extraction  with  water*   tlie  proteid  is  ruinoved 

by  coa^lation  at  boiling  temperature  and  tlie  addition  of   a  smidl  quantity 

of  gulphurit:  acid.     The  liquid  ia  then  exactly  neutralized  while  hoiling  with 

caustic  baryta,  and  then  evaporatetl  to  a  syrup  after  flltmtion.    The  residue 

is  precipitated  with  absolute  alcohol,   and  the  precipitate  completely  ex- 

Itmcted  with  alcohol.    The  alcohol  is  entirely  distilled  from  tlie  united  alco- 

fholic  extracts,  and  the  neutral  residue  is  shaken  with  ether  to  remove  the 

fat.     Tile  residue  is  dissolved  in  water  and  phosphoric  acid  added,  and  re* 

Peatedly  shaken  with  fresh  quantities  of  etl^er,  which  dissolTes  the  lactic 
cid.  The  ether  is  now  distilled  from  the  several  ethereal  extracts,  the 
aidue  dissolved  in  water,  and  this  solution  carefully  warmed  on  the  water- 
batli  to  remove  the  last  traces  of  ether  and  volatile  acids.  A  solution 
of  zinc  lactate  is  prepared  from  this  filtered  solution  by  boiling  with  zinc 
carbonate,  and  this  ia  evaporated  until  crystallization  commences  and  then 
allowed  to  stand  over  sulphuric  acid.  An  analysis  of  the  salts  is  necessary 
in  careful  work.  According  to  Hefftek  *  in  muscles  not  having  nndergone 
rigor  mortis  the  lactic  acid  can  be  extracted  more  easily  by  alcohol  than 
by  water. 

f  Fat  is  never  absent  in  the  musclee.  Some  fat  is  always  found  in  the 
intermuscular  connective  tissue;  hut  the  muscle-fibres  themselves  also  con- 
tain fat.  The  quantity  of  fat  in  the  real  muscle  substance  is  always  small, 
usually  amounting  to  about  10  p.  m*  or  somewhat  more.  A  considerable 
quantity  of  fat  in  the  mnscle*fibres  is  only  found  in  fatty  degeneration, 
A  part  of  the  muscle-fat  can  be  readily  extracted,  while  another  part  can 
be  extracted  only  with  the  greatest  difficulty.  This  latter  part  is  claimed  to 
be  divided  in  the  contractile  substance  and  is  richer  in  free  fatty  acids^ 

I  standing,  according  to  Zuntz  and  Bogdanow/  in  close  relationship  to  the 
:?tivity  of  the  muscles  because  it  is  consumed  during  work.  Let-ithin  is  a 
regular  constituent  of  the  muscles,  and  it  is  quite  possible  that  the  fat  which 
is  diflQcult  of  extraction  and  which  is  rich  in  fatty  acids  depends  In  part  on 

ia  decomposition  of  the  lecithin. 
The  Mineral  Bodies  af  the  Muscles.  The  ash  remaining  after  burning 
the  muscle,  which  amounts  to  about  10-15  p.  m.,  calculated  on  the  moiet 
mnscle,  is  acid  in  reaction.  The  largest  conBtituents  are  potassium  and 
phosphoric  acid.  Next  in  amount  we  have  sodium  and  magnesium,  and 
lastly  calcium,  cblorino^  and  iron  oxide.  Snlphafces  exist  only  as  traces  in 
the  muscles,  bat  are  formed  by  the  burning  of  the  proteids  of  the  muscles, 
and  therefore  occur  in  abnndaut  quantities  in  the  ash.  The  muscles  con- 
tain such  a  large  quantity  of  potassium  and  phosphoric  acid  that  potassium 
phosphate  seems  to  be  imquestionably  the  predominating  salt.  Chlorine  ia 
found  in  such  insignificant  quantities  that  it  is  perhaps  derived  from  a  con- 
tamination with  blood  or  lymph.     The  quantity  of  magnesium  is,  as  a  rule^ 

*  Arch.  f.  exp.  Path.  u.  Pkarni.,  Bd.  88. 

•  Du  Boi8'B«ymotid*8  Arch.,  1897*     See  also  tlie  refereoces  to  the  literature  on  tlie 
.  methods  for  the  quaiititatife  estimatioD  of  fnt  in  Chapter  IT,  page  67. 
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considerably  greater  than  that  of  calcium*     Iron  occors  oaly  in  rery  snull 
amouatB. 

The  guMS  of  the  muacleB  consist  of  large  quantities  of  carbon  dioxide, 
besides  traces  of  nitrogen. 

Rigor  Mertii  of  the  Mnacles.  If  the  influence  of  the  circalating  oij- 
genated  blood  is  removed  from  the  muscles,  as  after  death  of  the  animal  or 
by  ligature  of  the  aorta  or  the  mnscle-arteriea  (Stek son's  test)^  rigor 
mortis  sooner  or  later  takes  place.  The  ordinary  rigor  appearing  nnder 
these  circumstances  is  called  the  spontaneous  or  tlie  fermentiTe  rigor. 
because  it  seems  to  depend  in  part  on  the  action  of  an  enzyme.  A  muBcld  | 
may  also  become  stiff  for  otlier  reasons.  The  muscles  may  become  momen- 
tarily stiff  by  warming,  in  the  case  of  frogs  to  40°,  in  mammalia  to  48-50^ 
and  in  birds  to  53^*  C.  (heat-rigor).  Distilled  water  may  ako  prodocci 
rigor  in  the  mnsclea  (water- rigor).  Acids  even  when  very  weak,  snch  as 
carbon  dioxide,  may  quickly  produce  a  rigor  (acid-rigor),  or  hastta  ibe 
appearance.  A  number  of  chemically  different  subsfcances,  sncli  as  chlom- 
form,  ether,  alcohol,  ethereal  oils,  cafTeiu,  and  many  alkaloids,  prodoce  a 
similar  effect.  The  rigor  which  is  produced  by  means  of  acids  or  other 
agents  which,  like  alcohol,  coagulate  proteids  must  be  considered  as  pro- 
duced by  entirely  different  processes  from  those  causing  spontaneous  rigor. 

Wlieu  the  muscle  passes  into  r if/or  mortis  it  becomes  shorter  and  thickefi 
harder  and  non -transparent,  less  dnctile.     Tbe  acid  part  of  t!ie  amphoteric 
reaction  becomes  stronger,  which  is  explained  by  most  investigators  by» 
formation  of  lactic  acid.     There  is  hardly  any  doubt  that  this  increase  in 
acitHty  may  at  least  in  part  be  due  to  a  transformation  of  a  p>art  of  the 
diphosphate  into  monophosphate  by  the  lactic  acid.     The  statements  in 
regard  to  the  presence  or  absence  of  free  lactic  acid   in  the  rigor  mortis 
muscle  are  contradictory.'     Besides  the   formation  of  acid,  the  chemicJ 
processes  wliich  take  place  in  rigor  of  the  rausclea  are  the  following  i  Bj 
the  coagulation  of  the  plasma  a  myosin-clot  is  produced  which  is  the  c&asi 
of  the  hardening  and  of  the  diminished  transparency  of  the  muscle,  but  thii 
view  must  be  changed  on  account  of  the  researches  of  V.  FCrth,  which 
have  shown  that  clot  consists  of  myogen  and  myosin-fibrin.     The  appear- 
ance of  this  clot  may  be  hastened  by  the  simultaneous  occurrence  of  lactic 
acid«     Carbon  dioxide  is  also  formed,  which  does  not  seem  to  be  a  direct 
oxidation  product,  but  a  product  of  the  cleavage  processes.     Hermaxn' 
claims  that  carbon  dioxide  is  produced  in  the  removed  ranscle,  even  in  the 
absence  of  oxygen,  when  it  passes  into  rigor  mortis. 

*  II  U  impOBsible  to  cuter  into  details  of  the  diaputcd  statements  as  to  tbe  reactioQ  of 
the  muscles,  elc.  We  will  only  refer  to  the  works  of  RQhmann,  PfiDger's  Arch.,  Bdd* 
50aod  55,  aud  Hefter,  Arch,  f,  exp.  Path.  u.  Pharm.,  Bdd.  31  and  38.  Theae  woiJD 
contain  also  the  researches  of  the  older  investigators  more  or  leas  oomplclely. 

*  *'  UnlersuchuDgen  Qber  den  Sloffwechsel  der  Muakeln/*  etc.     Berlin,  1667* 
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As  many  investigators  admit  of  an  increaaed  formation  of  lactic  acid  on 
tbe  appearance  of  rigor  mortiB,  the  qQestion  arises,  from  what  constitnenta 
of  the  mnecle  is  tliis  acid  derived  ?  The  most  probable  explanation  ia  that 
the  lactic  acid  is  produced  from  the  glycogen,  as  certain  investigators,  such 
as  Nasse  and  Webtheb,  have  ohserved  a  decreaae  in  the  quantity  of 
glycogen  in  rigor  of  the  oiuBcle.  On  the  other  aide,  BfniM*  has  observed 
oases  in  which  no  consumption  of  glycogen  took  place  in  rigor  of  the 
mnacle,  and  he  has  also  fonnd  that  the  qnantity  of  lactic  acid  produced  ia 
not  proportional  to  the  quantity  of  glycogen.  It  is  therefore  possihie  that 
the  conBumption  of  glycogen  and  the  formation  of  lactic  acid  in  the  muscles 
are  two  processes  independent  of  each  other,  and,  as  above  stated  in  regard 
to  the  formation  of  paralactic  acid,  the  lactic  acid  of  the  muscle  may  be 
considered  as  a  decomposition  product  of  proteid.  The  origin  of  the  carbyc»n 
dioxide  is  also  not  to  be  aought  for  in  the  decomposition  of  the  glycogen  or 
dextrose.  Pfluoer  and  Stiktzino  *  have  found  that  in  the  muscle  a  sob- 
stance  occurs  which  evolves  large  quantities  of  carbon  dioxide  on  boiling 
with  water,  and  it  is  probably  this  snbstance  which  is  decomposed  with  the 
formation  of  carbon  dioxide  in  tetanus  as  well  as  in  rigor.  In  this  connec- 
tion we  call  attention  to  the  fact  that  phosphocamic  acid  yields  lactic  acid 
as  well  as  carbon  dioxide  as  pleavage  products. 

After  the  mnscles  have  been  rigid  for  some  time  they  relax  again  and 
the  muscles  become  softer.  This  is  in  part  produced  by  the  strong  acid 
dissolving  the  myosin -clot  and  in  part,  and  in  all  probability  mainly,  upon 
the  commencement  of  putrefaction. 

Metabolism  in  the  Inactive  and  Active  HxLscles.  It  is  admitted  by  a 
number  of  prominent  investigators,  PflOoer  and  Colasanti,  Zuntz  and 
Eniiiiio/  and  others,  that  the  exchange  of  material  in  the  mnscles  is  regti* 
lated  by  the  nertrons  system.  When  at  rest,  when  there  is  no  mechanical 
exertion,  we  have  a  condition  which  Zuntz  and  Run  rig  have  designated 
**  chemical  tonus, ^^  This  tonus  seems  to  be  a  reflex  tonne,  for  it  may  be 
reduced  by  discontinuing  the  connection  between  the  mnscles  and  the 
central  organ  of  the  nervous  system  by  cntting  throngh  the  spinal  cord  or 
the  muscle-nerves,  or  by  paralyzing  the  same  by  means  of  cnrara  poison. 
The  possibility  of  reducing  the  chemical  tonus  of  the  muscles  by  any  of  the 
above-mentioned  means,  but  especially  by  the  action  of  cnrara,  offers  an 
important  means  of  deciding  the  extent  and  kind  of  chemical  processes 
going  on  in  the  mnscles  when  at  rest.  In  comparative  chemical  infeadga* 
tion  of  the  processes  in  the  active  and  the  inactive  muscles  several  methods 

I  Nasie,  B^ir.  z.  Pbysiol  der  koDtraki.  Substaaz,  PtlUger's  Arch.,  Bd.  2;  Werther. 
Md.,  Bd.  46  :  B5hm.  iHtL.  Bdd.  23  And  46. 

•  PtiDgcr's  Arch.,  Bd.  18. 

■  See  the  worka  of  PflUger  and  bis  pupili  in  Pflnger'a  Arcb.,  Bdd  i,  12,  14,  16.  and 
18 ;  UOhrig.  tbtd,,  Bd.  4,  8.  S7.    Bee  hho  ZunU,  ilnd.,  Bd.  13,  S.  523. 
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of  procedure  liaye  been  adopted.  The  removed  homonymous,  active  and 
inactive  muscles  have  been  compared,  also  the  arterial  and  venoas  muscle* 
blood  in  rest  and  activity,  and  lastly  the  total  eichange  of  material,  the 
receipts  and  expenditures  of  the  organism,  have  been  investigated  under 
these  two  conditions. 

By  investigations  according  to  these  several  methods  it  has  been  found 
that  the  active  muscle  takes  up  oxygen  from  the  blood  and  returns  to  it 
carbon  dioxide,  and  also  that  the  f|iiantity  of  oxygen  taken  np  is  greater 
than  the  oxygen  contained  in  the  carbon  dioxide  eliminated  at  the  same 
time.  Tlie  muscle,  therefore,  holds  in  some  form  of  combination  a  part  of 
the  oxygen  taken  op  while  at  rest.  During  activity  the  exchange  of 
material  in  the  muscle,  and  therewith  the  exchange  of  gas,  is  increased. 
The  animal  organism  takes  up  considerably  more  oxygen  in  activity  than 
when  at  rest,  and  eliminates  also  considerably  more  carbon  dioxide.  The 
quantity  of  oxygen  which  leaves  the  body  as  carbon  dioxide  during  activity 
is  considerably  larger  than  the  quantity  of  oxygen  taken  up  at  the  same 
time;  and  the  venous  muscle-blood  is  poorer  in  oxygen  and  richer  in  carbon 
dioxide  during  activity  than  during  rest  The  exchange  of  gases  in  the 
muscles  during  activity  is  the  reverse  of  that  at  rest,  for  the  active  muscle 
gives  np  a  quantity  of  carbon  dioxide  which  does  not  correspond  to  the 
quantity  of  oxygen  taken  up,  but  is  considerably  greater.  It  follows  from 
this  that  in  muscular  activity  not  only  does  oxidation  take  place,  bet  also 
splitting  processes  occur.  This  follows  alEo  from  the  fact  that  removed 
blood-free  muscles  when  placed  in  an  atmosphere  devoid  of  oxygen  can 
labor  for  some  time  and  also  yield  carbon  dioxide  {IIermanx  *), 

During  mascalar  inactivity,  in  the  ordinary  sense,  a  consumption  of 
glycogen  takes  place.  This  is  inferred  from  the  observations  of  several 
investigators  that  the  quantity  of  glycogen  is  increased  and  its  corresponding 
consomption  reduced  in  those  muscles  whose  chemical  tonus  is  reduced 
either  by  cutting  through  the  nerve  or  for  other  retisons  (Bernard,  Chan* 
DKLON,  Way,*  and  others).  In  activity  this  consumption  of  glycogen  is 
increased,  and  it  has  been  positively  proved  by  the  researches  of  several 
investigators  (Nasse,  Weiss,  KClz,  Marcuse,  Maxciie,  Mohat  and 
Dufour')  that  the  quantity  of  glycogen  in  the  muscles  in  activity  decreases 
ickly  and  freely.  As  shown  by  tlie  researches  of  Chauteau  and  Katp- 
i^  QiuNtiUAUD,  MoRAT  and  Dufour,  Cavazzani,  and  especially  those 


Tu  regard  to  gas  exchange  in  removed  muscles  see  also  J.  Tiisot,  Arch,  de 
Tome*  6  aad  7,  and  Compl.  rend.,  Tome  120.         / 

JO.  Pflttger'8  Arch..  Bd.  13;  Way.  Arch,  f*  exp.  ftlli.  u,  Pharm..  Bd,  34. 
D8  atso  the  pcriiiieot  litemture. 
mger's  Arch.,  Bd.  2  ;  Weiss.  Wien.  Sitxungsber..  Bd.  64  .  Ktllz,  io  Lud- 
ft.  Marburg,  18&1 ;  Marcuse.  PtIQger's  Arch..  Bd.  89 ;  Mancbe.  Zeitachr. 
.  2ft ;  Monit  and  Dufour,  Arcb.  f*  Physlul  (5),  Tome  4. 
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of  Sebgen,*  the  sugar  is  removed  from  the  blood  and  coiiBiiiiied  during 
activity.  According  to  Seegen  a  very  abondant  formatioD  of  sagar  takea 
place  ill  ibe  liver,  and  correspondingly  tbo  blood  of  the  hepatic  vein  is  much 
richer  in  sugar  tliaa  tbat  m  the  portal  vein,  and  this  en  gar  of  tbe  blood  iS| 
according  to  him,  the  source  of  heat  formatiom  and  mechanical  activity. 
It  is  nevertlieless  true  that  important  objections  have  been  presented 
against  a  few  of  these  investigations^  and  a  sugar  formation  according  to 
Seegen's  idea  has  been  denied  by  several  investigators,  and  recently  by 
ZuNTZ  and  Mosse;'  bnt  still  there  can  exist  hardly  any  doubt  that  sn gar 
is  consumed  in  muscular  activity. 

Tbe  amphoteric  reaction  of  the  inactive  mnsclefi  is  changed  during 
activity  to  an  acid  reaction  (l)r  Bois*Reym€*nd  and  others),  and  tbe  acid 
reaction  increases  to  a  certain  point  with  the  work.  The  quit^kly  contract- 
ing pale  muscles  produce,  according  to  Gleiss,'  more  acid  during  activity 
than  the  more  slowly  contracting  red  muscles.  The  acid  reaction  appearing 
during  activity  was  formerly  considered  due  to  the  formation  of  lactic  acid^ 
a  view  which  has  been  contradicted  by  Astaschewsky,  PflCgeb  and 
Waehen,*  who  found  less  lactic  acid  in  the  tetanized  muscle  than  when  at 
rest,  MoNARi  also  found  a  decrease  in  tbe  quantity  of  lactic  acid  during 
activity,  and  according  to  Hefter  the  quantity  of  lactic  acid  in  the  muscle 
is  diminished  in  tetanus  produced  by  poison.  Contrary  to  these  investiga- 
tions Mahcush  and  Wehther'  have  been  able  to  prove  the  formation  of 
lactic  acid  during  activity;  still  the  statements  are  very  contradictory. 
Other  observations  speak  for  a  formation  of  lactic  acid  during  activity. 
Thus  Sfihj)  found  an  increase  in  the  quantity  of  lactic  acid  in  the  blood 
during  work.  Colasanti  and  Moscatelli  found  small  quantities  of  lactic 
acid  in  human  urine  after  strenuous  marches,  and  Werther  observed 
abundance  of  lactic  acid  in  the  urine  of  frogs  after  tetanization.  According 
to  Hori»E-SEYLEii,  on  the  contrary,  in  agreement  with  hia  view  in  regard 
to  the  formation  of  lactic  acid,  a  formation  of  lactic  acid  does  not  take  place 
regularly  during  work,  but  only  when  insufficient  oxygen  is  supplied. 
Zillesen  *  has  also  found  that  on  artificially  cutting  oft  the  oxygen  from 

»  Cliimveau  aud  Kftiifinaou,  Compl.  rend..  Tomes  108.  104,  and  105;  QiiiDt|imud» 
Mnly*s  Juhresber..  Bd.  16,  S,  321  ;  Momt  ami  Dufour,  1,  c*;  Cavuzzani,  CentralbL  f. 
Physiol.,  Bd,  8  ;  Seegen,  *'  Die  Zuekerbildtmg  im  ThicrkOrper."  Berlin,  1800,  Ceninlbi 
f,  Physiol.,  Bd  8,  S.  417,  and  Bdd.  »  and  10;  Dii  Bots-Reymond's  Arcb,,  1805  and  1896: 
Pfl tiger's  Arch.,  Bd.  50. 

'  Mosse,  Pflllger's  Arch.»  Bd.  63 ;  Zunlz,  CentrnlbL  f,  PhysioL.  Bd.  10,  iind  Du  Bola* 
Reymond's  Arch..  1896,  8.  588.     See  also  Schcuck.  PflQger'a  Arch.,  BdiL  III  nnd  65. 

>  Ptiuger'a  Arcb..  Bd.  4L 

*  AslnHchewaky.  Zeitscbr.  f.  pbyslol.  Cliem.,  Bd   4  ;  Wnrren,  PIlQger'a  Arch.,  Bd*  24, 

*  Monari,  Muly'a  Jabresber.,  Bd.  19,  S.  803  ;  Ueftir.  Arcb,  f.  exp.  Path.  \u  Pharm,, 
Bd.  81  ;  Mnrcufle,  1.  c,:  Wertber,  PtiQger's  Arcb  ,  Bd.  46. 

*  Spiro^  Zeilsciir.  f.  pbyaioL  Cbeuu,  Bil.  1  ;  Colaianti  nod  Moac^elli,  Maly't  Jahrea- 


360 


MU8CLS, 


the  nmscles  during  life  more  lactic  acid  was  formed  than  under  normal 
conditions. 

It  18  evident  that  the  experiments  with  the  muscles  in  situ — iu  other 
words  J  with  muscles  through  which  blood  is  passing^ — cannot  yield  any  con- 
clusion to  the  above  question,  as  the  lactic  acid  formed  during  work  may 
perhaps  be  removed  by  the  blood.  The  following  objections  can  be  made 
against  those  experiments  in  which  lactic  acid  has  been  fonnd  after  moderate 
work  in  the  blood  or  the  urine,  as  also  especially  against  the  experiments 
with  removed  active  moacles,  namely,  that  in  these  cases  the  supply  of 
oxygen  to  the  muscles  was  not  sufficient,  and  that  the  lactic  acid  formed 
thereby  is  not,  in  accordance  with  the  views  of  Hoppe-Seyleb,  a  perfectly 
normal  process.  The  (jueBtion  as  to  the  formation  of  lactic  acid  in  the 
active  muscle  under  perfect  phyeiological  conditions  is  still  an  open  one* 

According  to  Weyl  and  Zeitler/  the  active  muscle  contains  more 
phosphoric  acid  (in  part  formed  by  the  decompoaition  of  lecithin)  than  the 
inactive  muscle.  As  in  the  dead  muscle,  so  in  the  active  muscle,  the  some- 
what stronger  acid  reaction  is  in  part  due  to  a  greater  quantity  of  mono- 
phosphate. 

The  amount  of  proteids  in  the  removed  muscles  is,  according  to  the 
older  investigators,  decreased  by  work.  The  correctness  of  this  statement 
is,  however,  disputed  by  other  investigators.  The  older  statements  in  regard 
to  the  nitrogenous  extractive  bodies  of  the  muscle  in  rest  and  in  activity 
are  likewise  uncertain.  According  to  the  recent  researches  of  Monari  *  the 
total  quantity  of  creatin  and  creatinin  is  increased  by  work,  and  indeed  the 
amount  of  creatinin  is  especially  augmented  by  an  excess  of  muscular 
activity.  The  creatinin  is  formed  essentially  from  the  creatin.  In  excessive 
activity  Monari  also  fonnd  xantho-creatinin  in  tlie  muscle,  and  the  qnan- 
tity  was  one  tenth  of  that  of  the  creatinin.  The  qnantity  of  xanthin  bodies 
is,  according  to  Monari,  decreased  under  the  inflaence  of  work.  It  seems 
to  have  been  positively  shown  that  the  active  muscle  contains  a  smaller 
q  Dan  tity  of  botlies  soluble  in  water  and  a  larger  quantity  of  bodies  soluble 
in  alcohol  than  the  resting  mnscle  (Helmholtz'). 

Attempts  have  been  made  to  solve  the  question  relative  to  the  behavior 
of  the  nitrogenized  constituents  of  the  mnscle  at  rest  and  during  activity  by 
determining  the  total  quantity  of  nitrogen  eliminated  under  these  different 
conditions  of  the  body.  While  formerly  it  was  held  with  Liebiq  that  the 
elimination  of  nitrogen  by  the  urine  was  increased  by  muscular  work,  the 
researches  of  several  experimenters,  especially  those  of  Voix  on  dogs  and 


ber..  Bd.  17,  8.  213  ;  Hoppc-Seyler,  I 
47fl  ;  Zillescn,  ibid.,  Bd.  15. 

1  Zdtschr.  f.  physlol.  Chem..  Bd.  16«  8.  651. 

•  Miily'B  Jaliresber.,  Bd.  19,  6.  298. 

*  Arch.  f.  Anal.  u.  Pliysiol.,  1845. 


aDd  Zeitschr.  f.  pbyaiol.  Chem.,  Bd«  19|  8w 
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Pettenkofke  and  Voit  *  on  ineu,  have  led  to  quite  different  results.  They 
lia^e  shown,  as  has  also  lately  been  con&^med  by  other  investigators, 
especially  L  Mtnk  and  IIirschfeld/  that  during  work  no  increase  or  only 
a  Yery  insignificant  increase  in  the  elimination  of  nitrogen  takes  place. 

We  should  not  omit  to  mention  the  fact  that  a  series  of  experiments 
have  been  made  showing  a  significant  increase  in  the  metabolism  of  proteids 
duriDg  or  after  work.  We  have  as  example  the  observations  of  Flint  and 
Pavy  on  a  pedestrian,  v.  Wolff,  v.  Fdnke,  Kkeuzuage  and  Kellxee 
on  a  horse,  and  DrxLOPand  his  collaborators'  on  working  human  beings 
and  others.  The  researches  od  the  elimination  of  sulphur  during  rest  and 
actiTity  also  belong  to  this  category.  The  elimination  of  nitrogen  and 
aulpbur  runs  parallel  with  the  metabolism  of  proteids  in  resting  and  active 
persons,*  and  the  quantity  of  snlphur  excreted  by  the  urine  is  therefore  also 
a  measure  of  the  proteid  decomposition.  The  older  researches  of  Ekoel- 
HANK,*  Flint,  and  Pavy,  as  well  as  the  more  recent  ones  of  Beck  and 
Beneuikt,*  and  Dunlup  and  his  coHaborators,  show  an  increased  elimina- 
tion of  snlphnr  during  or  after  work,  and  this  speaks  for  an  increased  pro* 
teid  metabolism  because  of  muscular  activity. 

On  one  side  an  increased  proteid  metabolism  has  been  observed  on 
account  of  work,  and  on  the  other  side  no  increased  proteid  metabolism  is 
observed  on  excessive  activity*  These  contradictory  observations  are  not 
directly  in  opposition  to  each  other,  because,  as  will  be  shown  later  (Chapter 
XVIII),  the  extent  of  proteid  metabolism  is  dependent  upon  several  condi- 
tions, such  as  the  quantity  and  composition  of  the  food,  the  condition  of  the 
adipose  tissue,  the  action  of  work  on  the  respiratory  mech.»nism,  etc.,  etc.» 
all  of  which  might  have  an  intiuence  on  the  result  of  the  expenments.  In 
the  present  state  of  this  question  we  can  probably  maintain  that  an  increased 
proteid  metabolism  is  not  necessarily  directly  caused  by  work,  hot  that  it 
occurs  in  those  bodies  where  the  store  of  non-nitrogenous  foods  present 
or  Ruppliftd  with  the  food  is  insufficient,  as  also  when  the  dyspnotic  symptoms 
accompanied  by  an  increased  destruction  of  proteid  appear  with  increased 
activity/ 


^  Unterflucliuugen  nber  deu  EInfluss  des  Koclis&tzes,  ile^  Knff&es  uud  der  Muskelbch 
wegungeD  auf  ilen  Btoffweciisel  (Hnncbeii,  18^0),  aud  Z^itsohr.  f.  Biolo^'e,  Bd.  2. 

» I.  Muuk,  Du  Bols-Rejroond'e  Arch..  1890  and  1890  ;  HirscMeld.  Vircbow's  Arch., 
Bd.  131. 

■  Flint,  JduFD.  of  Anat,  lUJd  Physiol.,  VoIb.  11  and  12  ;  Pavy.  The  Lancet,  1876  and 
1877;  Wolff,  V.  Fiinke,  Eelln«r.  cited  from  Voit.  Hermanu's  Handb,,  Bd.  6,  8.  1»7; 
Dun  lop,  Noel-Patou,  Stockman,  and  Maccadani,  Journ.  of  PbydoL,  Vol.  22. 

•  See  I.  Muok,  Du  Bois-Reyiuond'i  Arch..  1895. 

•  Du  Bois-Reymond'B  Arch.,  1871. 

•  Flint.  I  C-;  Pavy.  L  c,;  Beck  and  Benedikt,  PHtlger'a  Arch.,  Bd.  U. 

^  See  Kummacber.  Zeltschr,  f.  Biologle,  Bd.  S3,  and  the  works  of  I.  Hunk  ia  Du 
Bois  Eevmond's  Arch.«  1890  iiud  1896. 


352 


MirscLB. 


The  older  mTestigations  on  the  amoont  of  fat  in  removed  mnacles  during 
activity  and  at  rest  have  not  led  to  any  definite  results.  According  to  the 
recent  investigations  of  Zuxtz  and  Bogdaxow  *  the  fat  belonging  to  the- 
mnscle^fibres  and  which  is  difficaltly  extracted  takes  part  in  work.  Besides 
these  we  have  several  researches  by  Voir,  Pettekkofer  and  Voir, 
J,  FfiEXTZEL,*  and  others  which  make  an  Increased  destruction  of  fat  during 
work  probable.  We  must  also  mention  the  statement  of  Siegfried*  that 
the  quantity  of  phosphocarnic  acid  is  decreased  during  work. 

If  the  results  of  the  investigations  thus  far  made  of  the  chemical 
proceaees  going  on  in  the  active  and  inactive  muscle  were  collected  together, 
we  would  find  the  following  characteristics  for  the  active  muscle.  The 
active  muscle  takes  up  more  oxygen  and  gives  off  more  carbon  dioxide  than 
the  inactive  muscle;  still  the  elimination  of  carbon  dioxide  is  increased 
considerably  more  than  the  absorption  of  oiyireo.  The  respiratory  qttotient, 
CO, 


0 


*,  is  found  to  be  regularly  raised  during  work ;  yet  this  rise,  which  will 


be  explained  in  detail  in  a  following  chapter  on  metabolism,  can  hardly  be 
conditioned  on  the  kind  of  processes  going  on  in  the  muscle  during  activity 
^lith  a  sufficient  supply  of  oxygen.  In  work  a  consumption  of  carbohydrates, 
glycogen,  and  sugar  takes  place.  A  consumption  of  sugar  seems  only  to 
have  been  shown  in  muscle  witli  blood  circulation,  while  a  consumption  of 
glycogen  alao  has  been  observed  in  removed  muscle.  The  acid  reaction  of 
the  muscle  becomes  greater  with  work.  In  regard  to  the  extent  of  a 
re-form^tion  of  lactic  acid  opinion  is  divided.  An  increased  consumption 
of  fat  has  occasionally  been  observed.  The  quantity  of  phosphocarnic  acid 
decrefises,  and  an  increase  in  the  uitrogenoaa  extractives  of  the  creatiniu 
gronp  seems  also  to  occur.  Proteid  metabolism  has  been  found  increased 
in  certain  series  of  experiments,  and  not  in  others;  but  an  increased  elimina- 
tion of  nitrogen  as  a  direct  consequence  of  muscular  exertion  has  thus  far 
not  been  positively  proved. 

In  close  connection  with  the  above-mentioned  facts  we  have  the  question 
as  to  the  origin  of  muscular  activity  so  far  as  it  has  its  origin  in  chemical 
processes.  In  the  past  the  generally  accepted  opinion  was  that  of  Liebio, 
that  the  source  of  muscular  action  consisted  of  a  tnetabolism  of  the  proteid 
bodies;  to-day  another,  generally  accepted,  view  prevails.  FiCK  and  Wis- 
t-icEKUs' climbed  the  Faulhorn  and  calculated  the  amount  of  mechanical 
force  expended  in  the  attempt.  With  this  they  compared  tbe  mechanical 
equivalent  transformed  in  the  same  time  from  the  proteids,  calculated  from 

*  8«c  fix)t*note  3,  j>agc  345. 

*  PflOgtra  Arch..  Bth  68. 

*  2el!!«jhn  f.  physlol.  Cbeui.,  Bd.  21. 

*  VierleljahrBschr,  d,  Zttrlcb.  naturf,  Oeaellsch,,  Bd.  10.     CJted  from  Centralbl.  f.  d, 

wim..  leee,  8,  sou. 
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I  elimiiiated  with  the  nriut,  and  found  that  the  work  really 
aed  was  not  hy  any  means  competiaated  by  tlie  consumption  oC 
I.  It  was  therefore  proved  by  this  thiit  proteida  alone  cannot  b©  tho 
of  mnscnlar  aiHivity,  and  that  this  depends  in  great  measure  on  the 
Jisni  of  non-nitrogenous  substances.  Many  other  observations  have 
the  same  result,  especially  the  experiments  of  Voit,  of  Pettekkofee 
OTT,  and  of  other  iiivestigatora,  whose  experiments  show  that  wliile 
mination  of  nitrogen  remains  unchanged,  the  elimination  of  carbon 
a  daring  work  is  very  considerably  increased.  It  is  also  generally 
jred  as  poeitively  proved  that  muscular  work  is  prodnced^  at  lea4.t  in 
it  part,  by  the  metabolism  of  nori-iiitrogenous  substances.  Neverthe- 
ere  ifl  no  warrant  for  the  statement  that  muscular  activity  ia  pro- 
entirely  at  the  cost  of  the  non-nitrogenoas  substances,  and  that  the 

bodies  are  without  importance  as  a  source  of  force, 
3  recent  investigations  of  PflOoeb*  are  of  great  interest  in  this  con- 
L     He  fed  a  bnlbJog  for  more  than  7  months  with  meat  which  alone 
^  contain  sufficient  fat  and  carbohydrates  for  the  production  of  heart 
r^  and  then  let  him  work  very  hard  for  periods  of  14,  35,  and  41 

The  positive  resnlts  obtained  by  these  series  of  experiments  was  that 
dete  muscular  activity  may  be  effected  to  the  greatest  extent  in  the 
J  of  fat  and  carbohydrates,"  and  the  ability  of  proteids  to  serve  m  a 
of  muscular  energy  cannot  be  denied, 

e  nitrogenous  as  well  as  the  non-nitrogenous  nutriments  may  serve  a8 
of  force;  but  the  views  are  divided  in  regard  to  the  relative  value  of 

PpLUGEK  claims  that  no  mnscnlar  work  takes  place  without  a 
[josition  of  proteid,  and  the  living  cell'substance  prefers  always  the 

and  rejects  the  fat  and  sugar,  contenting  itself  with  these  only  when 
is  are  absent.  Other  investigators,  on  the  contrary,  believe  that  the 
B  first  draw  on  the  supply  of  non-nitrogenous  nutriments,  and  accord- 

Seegen,  Chauveau,  and  Laolakie'  the  sugar  is  indeed  the  only 
source  of  muscular  force.  The  last-mentioned  investigator  holds 
le  fat  is  not  directly  utilized  for  work,  but  only  after  a  previous 
sion  into  sugar.  Zuntz  and  hia  collaborators'  have  made  strong 
ons  against  the  correctness  of  such  a  view.     If,  according  to  Zuntz, 

mnst  be  first  transformed  into  sugar  before  it  can  serve  as  source  of 
lar  work,  it  mnst  require  about  30j^  more  energy  to  perform  the  same 
ritti  fatty  food  as  it  does  with  carbohydrates;  but  this  is  not  the  case. 

tlgcr'a  Arch.,  Bd.  50. 

t  Seegeo,  fool-note  1.  page  849.     The  works  of  Chouveau  and  his  ooilaboralors 

Wk  in  Comp.  rend.,  Tomes  121,  13^,  and  1!^ ;  LaulaDfe,  Arch,  de  Physiol.  (5>, 

i  ZuDiz.  Du  BoiS'EejinODd'a  Arch.,  189{(,  S.  35S  and  B.  538 ;  Zuutz  and  Heyne- 
1897,  B,  585. 
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Accordijig  to  his  inyeBtigationg  all  foods  have   the  saQie  ability  to  yield 

material   for   muscular  work,  without   being  previously   tranaformed  jqu> 

sugar.     It  m  apparent  that  aticb  an  assumption  does  not  stand  in  oppositioa^ 

to  the  view  suggested  by  Bunge,  Zuntz,  L  Munk,  and  others,  iu  which 

the  non-nitrogenous  bodies  are  those  which  are  prominently  necessary  m  tlia 

defrayal  of  work  in  the  muscles, 

81BGFHIKD  coQBiders,  ai^  above  atated,  the  pilots phr>carnic  acid  a.i  a  source  of  f orrr , 
Acconliiig  to  hiit  und  KKircsEii'B  '  researt-hes  phosphocjuuic  ucid  occurs  lo  part  H-ndy  h 
the  muscle,  which  yields  on  cleavage,  amoog  other  bodies,  carbon  dioxi<it\  and  in  jiwl 
a  hypotheUcal  aldehyde  coinhumiiou  of  the  aame — a  cunahiuatiou  which  forniB  pbc»|jlKJ- 
carnEc  aciil  nii  oxidation.  Seigfuieu  therefore  makes  ihe  snc^geatfoD  that  in  tbc  r»ting 
mnacle,  which  rmjuire^i  more  oxygen  Ihiiu  iu  the  c^rhotj  dioxide  eliminated,  Ihli  reduc- 
ing  aldehyde  subataoce  is  gradually  oxidized  to  phosphocarnic  acid,  which  is  used  in  iLe 
activity  of  ihe  muscle  with  theaplitiiug  off  of  carbon  dioxide. 

QuaEtitative  CompoiitioE  of  the  Muscle.  A  large  number  of  aBidy3e& 
have  been  made  of  tlie  flesh  of  varioas  animals  for  purely  practical  purposes, 
iu  order  to  determine  the  nntritive  valtie  of  different  varieties  of  meat;  bat 
we  have  no  exact  scientific  analyses  with  snfficient  regard  to  the  quantity  of 
different  albuminous  bodies  and  the  remaining  muscle-constituents,  ortbeei 
analyses  are  incomplete  or  of  little  value. 

To  give  the  reader  some  idea  of  the  variable  composition  of  mnade* 
substance  we  give  the  following  enmnmry,  chieily  obtained  from  K.  B. 
Hofmann's^  book.     The  figures  are  parts  per  1000, 

Muslim  «/ 
Muscloa  of  Muscles  of  Ookl4>lc>od^ 

Mammals.  Birds,  Attlmftlt 

Bolida 217-255  227-282  ^_ 

Water 745-788  717-773 

Orgauichcdiea,.. 206-245  317-263  11 

InorgaDic  bodies &-10                       lO-ld  1 

MyoaiD. .....,,....,..,....,. 3.V10e  29,8-111  2^.7-?I 

Stroma  aiihstance  (Danilewsky) 78-iei  88.0-184  TCO-Ul 

Alkali  albuminate 2&-30  —  - 

Creatin 2  8.4  2.3 

Xanthin  bodies,, ...»  0.4-0.7  0.7-0,8 

loosinic  acid  (barium  salt). 0.1  0.1-0.8  - 

Prolic  acid , —  —  70 

TauHn 0.7  (horse)  ^  U 

Inosit..... 0.03  -^  — 

Glycogen * 4-5  —  W 

Lactic  acid 0.4-0.7  —  — 

Phosphoric  acid 3.4-4.8 

Potash 3.0-4.0 

Soda  ,. , 0.4 

Lfme  ., 0.2 

Magnesia 0.4 

Stidium  chloride 0.04-0.1 

Iroo  oxide 0.03-0,1 

In  this  table^  which  has  little  valne  becaase  of  the  Tariation  in  the  oom- 
position  of  the  mnscles,  we  have  no  results  as  to   the  estimates  of  fat, 

1  2Seltschr.  f.  phyaioL  Cbem.,  Bd.  22. 

•  Lehrbuch  d.  Zoochem.  (Wieo.  1870),  8.  104. 
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Owing  to  the  variable  qiiaiitity  of  fat  in  meat  it  is  hardly  possible  to  qnote 
a  positive  average  for  this  body.  After  most  carefiVl  efforts  to  remove  the 
fat  from  the  muscles  without  chemical  means,  it  has  been  fonod  that  a 
variable  qnantity  of  intermnscnlar  fat,  wliich  does  not  really  belong  to  the 
muscular   tissue,   always   remains.     The   smallest   qnantity  of  fat  in    the 

is  6.1  p.  m.  according  to  Grouvex,  and  7.6  p.  m. 

Thifi  last  observer  also  found  regularly  a  smaller 

p.  m.,  in  the  fore  quarter  of  oxen,  and  a  greater 

in  the  hind  quarter  of  the  animal,  but  this  could 

A  small  quantity  of  fat  has  also  been  found 

B.  KoNiG  and  Farwrk  found  10*7  p.  m. 


muscles  from  lean  oxeo 
according  to  Fetersex. 
quantity  of  fat^  7.6^8.6 
amount,  30,1-34.6  p.  m. 
not  be  substantiated  by  Steil.* 
in  the  muscles  of  wild  animals. 


fat  in  the  muscles  of  the  extremities  of  the  hare,  and  14.3  p.  m,  in  the 
muscles  of  the  partridge.  The  muscles  of  pigs  and  fattened  animals  are, 
when  all  the  adherent  fat  is  removed,  very  rich  in  fat,  amounting  to  40-1^0 
p.  m.  The  muscles  of  certain  fishes  also  contain  a  large  quantity  of  fat. 
According  to  Almen,  in  the  flesh  of  tlie  salmon,  the  mackerel,  and  tlie  eel 
there  are  contained  respectively  100,  164,  and  32fJ  p.  m.  fat.* 

The  qnantity  of  water  in  the  muscle  is  liable  to  considerable  variation. 
The  quantity  of  fat  has  a  special  influence  on  the  quantity  of  water,  and  we 
find,  as  a  rule,  that  the  flesh  which  is  deficient  in  water  is  correspoiulingly 
rich  in  fat.  The  quantity  of  water  does  not  depend  alone  npon  the  amount 
of  fat,  but  upon  many  other  circumstances,  among  which  we  must  mention 
the  age  of  the  animal.  In  young  animals  the  organs  in  general,  and  there- 
fore also  the  musclee,  are  poorer  in  Bolids  and  richer  in  water.  In  man  the 
quantity  of  water  decreases  until  mature  age,  but  increases  again  towards  old 
age.  Work  and  rest  also  influence  the  quantity  of  water,  for  the  active 
muscle  contains  more  water  than  the  inactive.  The  uninterruptedly  active 
h^rt  should  therefore  be  the  muscle  richest  in  water.  That  the  quantity 
of  water  may  vary  independently  of  the  amonnt  of  fat  is  strikingly  shown 
by  comparing  the  muscles  of  different  species  of  animals.  In  cold-blooded 
animals  the  muscles  generally  have  a  greater  quantity  of  water,  in  birds  a 
lower.  The  comparison  of  the  flesh  of  cattle  and  fish  shows  very  strikingly 
the  different  amounts  of  water  (independent  of  the  qnantity  of  fat)  in  the 
flesh  of  different  animals*  According  to  the  analysis  of  Almes/  the 
muscles  of  lean  oxen  contain  15  p.  m.  fat  and  7C7  p.  ni.  water;  the  flesh  of 
the  pike  contains  only  1.5  fat  and  839  p.  m.  water. 

For  certain  purposes,  as,  for  example,  in  experiments  on  metabolism,  it 


^PflUger*8  Arch.,  B*1.  61, 

*  Id  regard  to  the  lit  era  in  re  aod  complHe  stalemeutB  on  tUe  composition  of  fleeh  of 
yarious  autmak^  sec  KOolg,  Chemle  der  menscbllcliet]  Nnhniagi-  uad  OeDUSsmittel, 
a  Aufl. 

•  Nova  Ac».  reg,  Soc.  Scient.  Upsal.,  Vol.  cJttr.  ord.,  1877;  also  Maly'a  Jabresber., 
Bd.  7,  8.  807. 
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is  important  to  know  the  elementary  composition  of  flesh.  In  reg&rd  to 
the  quantity  of  nitrogen  we  generally  accept  Yoix's  figtire,  namely,  ZM^ 
as  an  average  for  fresh  lean  meat.  According  to  Nowak  and  Hcppebt' 
this  qnantity  may  vary  about  0.6:3^,  and  in  more  exact  investigatioDa  it  is 
therefore  necessary  to  specially  determine  the  nitrogen.  Complete  elemen- 
tary analyses  of  ilesh  have  recently  been  made  with  great  care  by  Aficr* 
iiNSKY.  The  average  for  ox-lleah  dried  in  vacno  and  free  from  fat  anJ 
with  the  glycogen  deducted  was  as  followa:  C  49,G;  H  6,9;  N  15*3; 
0  +  S  23.0;  and  ash  5.2?^.  The  relationship  of  the  carbon  to  nitrogiu, 
which  Abgutinsky  calls  the  **  flesh  quotient/'  is  on  an  average  3.*24  :1. 
According  to  Salkowski/  of  the  total  nitrogen  of  beef  T7.4i  was  insoluble 
proteids,  10.08^  soluble  proteide,  and  VlJy%^  other  sol  able  bodies. 

We  have  complete  investigations  by  Katz  *  as  to  the  quantity  of  minertl 
constitaents  of  the  moscles  from  man  and  animals.  The  Tariation  intlii* 
different  elements  is  considerable.  Pork  is  much  richer  in  eodinm  u  com- 
pared  with  potassium  than  other  kinds  of  meat.  The  quantity  of  mag- 
nesium is  greater  and  often  considerably  greater  than  calcium  in  all  kinds  of 
flesh  investigated,  with  the  exception  of  shell-fish,  the  eel  and  the  pike.  Beef 
is  very  poor  in  calcium.  Potassium  and  phosphoric  acid  are  the  moet 
abundant  mineral  constituents  of  all  tlesh. 

HoE-striated  Muselei, 

The  smooth    muscles  have  a  neutral  or  alkaline  reaction  (Du  B01^' 
Reymohd)  when  at  rest.     During  activity  they  are  acid,  which  is  inferw^ 
from  the  observations  of  Bernstein^  who  found  that  the  nearly  coDtinualh 
contracting  sphincter  muscle  of  the  Anodonta  is  acid  during  life.    The 
amooth  muscles  may  also,  according  to  Heidekhaix  and  K^bxe,  pasaio^ 
rigor  mortis  and  thereby  become  acid.     A  spontaneously  coagulating  plwro* 
has  not  thus  far  been  obtained,  but  it  may  be  considered  as  the  jo^^ 
obtained  by  pressing  the  muscles  of  the  Afiodo7ita  and  which  coaguW* 
immediately  at  +  ^5^  C.  or  within  24  hours  at  the  ordinary  temperatnt»- 
Myosin   has  not   been  found  in    the  smooth  muscles.     Heidenhaik  an*J 
Hellwiq*  have  obtained  from  the  smooth  muscles  of  a  dog  an  albuminotis 
body   which   coagulates  at  +  45^  to  49°  0.   and  which   is  analogous  to 
muscnlln.    The  smooth  muscles  contain  large  amounts  of  alkali  albumin»tei 
besides  an  albumin  coagulating  at  -|-  75^  G. 

'  Vol  I.  Zcttacfar.  f.  Biolo^e,  Bd.  1  ;  Iluppcrt,  ibid,,  Bd,  7  ;  Now&k.  Wien.  BilzUDS^ 
ben,  Bd.  U.  Abtb.  2. 

'  Argutiusky.  Pfiager's  Arch.,  Bd.  55;  Salkowskl,  CeotralbK  f.  d.  med.  WiMDfdb^ 
1894 

•  PtMger'e  Arch.,  Bd,  63. 

*  Du  Boift-R^mocid  in  N&sse,  Hermann's  H&tidb.,  Bd.  1,  S.  389;  B«ni»fem.  flti/ 
HeideohtdQ,  tbid,,  8.  840,  with  Hellwig,  ibid..  8>  839  ;  Ktlkne,  LehrbucU,  8.  881. 
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In  recent  times  oar  knowledge  of  the  proteids  of  the  emootb  mnscles  haa 
been  advanced  by  the  researcheB  of  Vblichi.'  He  has  prepared  a  neutral 
plasina  from  the  gizzard  of  geese,  according  to  v.  FOitTii's  method.  This 
plasma  coagtilated  spontaneonsly  at  the  temperature  of  the  room,  although 
slowly.  It  contained  a  globulin,  precipitated  by  dialysis,  which  coagolated 
at  55-00°  C*  and  also  showed  certain  similaritiea  with  KOhke*s  myosin^ 
A  spontaneously  coagulating  albomin,  which  differed  from  niyogen 
(v,  FCrth)  by  coagolating  at  45-50**  C.  and  which  paasea  id  epontanoona 
coagulation  into  the  coagulated  modification  without  a  soluble  intermediate 
prodnot,  exists  in  still  greater  cfuaD titles  in  this  plasma.  Alkali  albuminatea 
do  not  occur,  bnt  a  nucleoproteid  is  found,  which  exists  in  about  fi^e  times 
the  quantity  as  compared  with  non-striated  moBcles. 

ilwvioglobin  occurs  in  the  smooth  muscles  of  certain  animals,  but  ia 
absent  in  others.  Creatin  has  been  found  by  Lehmann,*  According  to 
Fremy  and  Valenciennes  *  the  muscles  of  the  Cephulopods  contain 
iaurin  besides  creaiinin  (creatin  f).  Of  the  non-nitrogenona  substances, 
glycogen  and  lactic  acid  have  been  found  without  doubt.  The  mineral  con- 
stitnents  show  the  remarkable  fact  that  the  sodium  combinations  exceed  the 
potassium  combinations. 


>  Centralbl  f.  Physiol.,  Bd.  12,  B.  8«. 
» Cfled  from  Nasse^  1.  c.  8.  83©. 

>  Cited  from  EQbae's  Lelirbuob^^B.  S38, 
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BRAIN   AND  NERVES. 


On  acconnt  of  the  difficalty  of  luakmg  a  mechanical  separation  an^ 
isolation  of  the  diiferent  tiasnti-elements  of  the  nervoas  central  organ  aod 
the  nerves,  we  moat  resort  to  a  few  microchemical  reactions,  chiefly  to 
qualitative  and  »iuantitative  investigations  of  the  different  paru  of  the 
brain,  in  order  to  study  the  varied  cheraical  composition  of  the  cells  and 
the  nerve-tnhes.  This  stndy  is  accompanied  with  the  greatest  diflifinltjj 
and  although  our  knowledge  of  the  chemical  composition  of  thebraiaaud 
nerves  has  been  somewhat  extended  by  the  investigations  of  modern  tim«flt 
still  we  must  admit  that  tliie  subject  is  as  yet  one  of  the  most  obscnreand 
complicated  in  physiological  chemistry. 

Proteida  of  different  kimJa  have  been  shown  to  be  chemical  constitaenta 
of  the  brain  and  nerves.     Some  of  them  are  insolnble  in  water  and  ililote 
neutral-salt  solutions,  and  some  are  soluble  therein.     Among  the  latter** 
find  alhumin  and  ghbulin.     Nudeoalbumin^  which  is  often  congidered  ^ 
an  alkali  albuminate,  also  occurs.     Kalliburtox  '  found  two  globnlinfl  i^i 
the  brain,  one  of  which  coagulates  at  47-50**  C,  and  tlie  other  at  70''  C. 
He   found   in   the   gray   matter    a    nucleoalbumin   which    coagulated  *' 
55-00''  C  and  contained  0,5^  phosphorus.     It  seems  nn questionable  th*^ 
the  albuminous  bodies  belong  chiefly  to  the  gray  substance  of  the  br»i^ 
and   to  the  axis-cylinders.      The  same  remarks  apply  to    nuclmn,  whicli 
V.  Jacksch*  found  in  large  quantities  in  the  gmy  substance,     yeurokerai^fi 
(see  page  51),  which  was  first  detected  by  KcnxE^  and  which  partly  forms 
the  nsuro(fUa,  and  which  as  a  double  sheath  envelops  the  outside  of  the 
nerve  medulla  under  Schwann's  sheath  and  the  inner  axis-cylinders,  chiettj 
occurs  in  the  white  substance  (Kl'uxe  and  Coitten'den,  BaL'mstabk'). 

The  phosphorized  substance  prolagon  mnet  be  considered  as  one  of  tie 
cliief  constituente,  perhaps  the  only  constituent  (Bai-mstark),  of  the  whit« 
substance.     This  hist-mentioned  substance,  if  we  keep  for  the  present  to 


'  On  the  Clieniical  Physiology  of  the  Animal  Cell.     King's  College,  Li^ndoii,  Phyt- 
iol(»gicftl  Laborfitory.     Cullecied  Papers.  No.  1,  IdOS. 

•  PliQger'fl  Arcb.,  Bd.  13. 

*  Kohne  and  Chittenden,  Zeltschr.   f.  Biologic,  Bd.   2$ ;   Baumatark,    Zehichf:  L 
physioL  Chem.,  Bd,  J>, 
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the    mo9t  carefully  etudied   protagau — because   there  are  perbaps   several 

di^erent  protagons — yields  as  decompositbn  prodticts  lecithin,  futty  acids, 

^tkCl    a  nitrogenous  substance,  cerebri n ;  tbis  last  probably  does  not  occur 

preformed  in  the  brain,  but  is  more  likely  a  product  of  transformation. 

That  lecithin  also  is  pre-existent  in  the  brain  and  nerves  can  hardly  he 

donbted.     The  investigations  thus   far   made   have   not  shown    decidedly 

^H ether  it  is  more  abundant  in  the  gray  or  the  white  substance.     Fatty 

^dds  and  fimitral'fats  may  be  prepared  from  the  brain  and  nerves;  but  as 

^hese  may  be  readily  derived  from  a  deconi position  of  lecithin  and  protiigon, 

^^hich  exist  in  the  fatty  tissue  between  the  nerve-tubes,  it  is  difficult  to 

^^cide  what  part  the  fatty  acids  and  neutral  fats  play  as  constituents  of  the 

^^ul  nerve-snbstance.     Choleslerin  is  also  found  in  the  brain  and  nerves,  a 

iHirt  free  and  a  part  in   chemical    combination  of   uji known   constitution 

'dJAUMSTARK),     Cbolesterin  seems  to  occur  in  greater  abundance   in   the 

Jtrhlt^  snbstance*     Besides  these  substances  the  nerve  tissue,  especially  the 

^prbite   sahstaDce,  contains  doubtless  u  number  of  other  constituents  not 

^pvell  known,  and  among  which  are  several  containing  phosphorus.     Tumi- 

^DHt'H  asserted  that  he  bad  isolated  a  number  of  phospborized  substances 

from  the  brain  which  he  divided  into  three  principal  groups:   kepaliftes^ 

"vnyeUnes^  and  lecithines,^    But  thus  far  this  assertion  Las  not  been  confirmed 

ly  other  investigators. 

By  allowing  water  to  act  on  tbe  contents  of  the  mednlla,  round  or 
obloag  doable-contoured  drops  or  fibres,  not  unlike  double-contoured 
^nei'^^S}  are  formed,  Thm  remarkable  formation,  w^hich  can  also  be  seen  in 
^^he  niedalla  of  tbe  dead  nerve,  has  been  called  "  nnjeline  forms^^^  and  they 
were  formerly  considered  as  produced  from  a  special  body,  *'myeUne." 
Myeline  forms  may,  however,  be  obtained  from  other  bodies,  such  as  impure 
protagon,   lecithin,    fat,   and   impure   cholesterin,   and    they  depend   on  a 

•  decomposition  of  tbe  cnustitoents  of  the  medulla.  According  to  Gad  and 
IIeymans'  myeline  is  lecithin  in  a  free  condition  or  in  loose  chemical  com- 
bination. 

•  Tbe  extractive  bodies  seem  to  be  almost  the  same  as  in  the  muscles. 
We  find  creating  which  may,  lio wever,  he  absent  (Bai  mstark),  xanthtn 
hadies,  tnomtj  lactic  acid  (also  fermentation  lactic  acid),  uric  acid^  jecorin 

»  (according  to  Baldi,'  in  tbe  human  brain),  and  the  diamin  nenridin^ 
C\H,^X, ,  discovered  by  Briefer*  and  which  is  most  interesting  because  of 
its  appearance  in  the  putrefaction  of  animal  tissues  or  in  cultures  of  tbe 
typhoid  bacillus.     Under  pathological  conditions  lencin  and  urea  have  been 

*  Thiiilicbum,  GrundzUgc  der  unatcmi.  uiui  klin.  Chem»,  Berlia,  1886,  aud  Joura,  f, 
prnkt.  Clieni.  (N.  F  ).  11<!.  53. 

»  Du  B€)i£.Heyiiumtrs  Arch.,  1B90. 

■/Wd.,  18b7.  Stipplbd.  ' 

*  Brieger.  Utlit-r  rummine.     Berlia,  1885  aod  1886. 


BBAIir  AJ^D  NEHYBS. 


foond  in  the  brain.  Urea  is  also  a  pbyaiological  conBtituent  of  the  bmiD  ot 
cartilaginona  fishes*  According  to  the  researches  of  Gulkwitsch'  ti^ 
neurin  occnra  in  fresh  ox-hrains,  nor  is  it  formed  in  the  cleavage  of  pro- 
tagon.  The  difl^ereiit  results  obtained  by  Liebreich  depends,  according t<^ 
him  J  upon  hia  not  having  analyzed  a  pure  preparation  of  cholin  platinnta 
chloride,  Oulewitscu  foond  nrea  and  two  not  studied  leucomsiDt^s  in 
the  watery  extract  of  braina. 

Of  the  above-mentioned  constituents  of  tne  nerve-so  beUinc^  protagon 
and  its  decomposition  products,  the  cerebrins  or  cerebrosides,  mQSfc  l» 
spec j ally  described, 

Protagon.  This  body,  which  was  discovered  by  Liebbeich,  is  a  Ditrog- 
enized  and  pbospborized  substance  whose  elementary  composition,  accord- 
ing to  Gamgee  and  Blankenhorx,  is  C  66.39,  H  10,69,  N  2,39,  and 
P  l.OfiBper  cent.  Baltjistark  and  Ruppel  obtained  the  same  fignres,  whO^ 
LlEBEEicH  found  an  average  of  2*80j^  N  and  1.23,^  I*.  Kossel  and 
FKEYTAO/wbo  obtained  still  higher  figures  for  the  nitrogen,  namely,  3,3<»<, 
and  somewhat  lower  figures  for  the  phosphorus,  0.97;?S,  found  some  snlphor, 
an  average  of  0.51j:^,  regularly  in  the  protagon.  Ruppel  also  found  Bome 
sulphur,  but  in  Buch  small  quantity  that  he  considered  it  as  a  contartiiii^ 
tion.  On  boiling  with  baryta- water  protagon  yields  the  decompoeition 
products  of  lecithin,  namely,  fatty  acids,  glycerophosphoric  acid,  and  cliolia 
(neurin?),  and  besides  tlxis  also  cerebrin,  Kossel  and  Freytao  found  that 
protagon  not  only  yielded  cerehrin  in  its  decomposition,  but  two  and  j>erh»p» 
indeed  three  cerebrosides  (see  below),  namely,  cerebrik,  kerasin  (homo- 
cerehrin),  and  encephalin.  Because  of  this  behavior,  and  also  hecaai?eof 
the  varying  elementary  cooiposition  although  the  greatest  care  was  takea  in 
Uie  preparation,  Freytag  considers  it  very  probable  that  there  are  several 
protagons. 

On  boiling  with  dilate  mineral  acids,  protagon  yields  among  other  sflb- 
stances  a  reducing  carbohydrate.     On  oxidation  with  nitric  acid  proi 
yields  higher  fatty  acids. 

Protagon  appears,  when  dry,  as  a  loose  white  powder.  It  disaolvi 
alcohol  of  85  vols,  per  cent  at  -}-  45"^  C. ,  but  separates  on  cooling  as  a  snow- 
white,  fiaky  precipitate,  consisting  of  balls  or  groups  of  fine  cryBtalline 
needles.  It  decomposes  on  heating  even  below  100"  C»  It  is  hardly  soluble 
in  cold  alcohol  or  ether,  but  dissolves  on  warming.  It  swells  in  little  water, 
and  partly  decomposes.  With  more  water  it  ewclla  to  a  gelatinous  or  pasty 
mass,  which  with  much  water  yields  an  opalescent  liquid.  On  fusing  with 
saltpetre  and  soda,  alkali  phosphates  are  obtained. 


tajjOfl 


1  Zeita^kr.  t  pbysiol.  Gbem. ,  Bd.  27. 

'  G&mgee  and  BlnDkcuhoni^  2eiUcbt\  f.  pbjBlah  CUem,,  Bd.  3  ;  Batimstark.  1.  C.^l 
Ruppel.  ZeitBchr.  f.  Biologic,  Bd.  81;  Liebreich.  AudiiI.  d.  Cbem.  n.  Piiunn  .  DJ. ' 
134;  Kossel  and  Fnsytag,  Zeitscbr.  f.  pbyaiol.  Cliem.,  Bd.  17, 


PROTAQON  AND  CBREBRIN. 


301 


Protagon  is  prepared  in  the  following  way:  An  ox-brain  as  fresh  aa 
possible,  with  the  blood  and  membranes  carefully  removed,  is  gronud  fine 
and  then  extracted  for  eeveral  boors  with  alcohol  of  85  vols,  per  cent  at 
-|-  45"  C,  filtered  at  the  same  temperature,  and  the  residue  extracted  with 
warm  alcohol  until  the  filtrate  does  not  yield  a  precipitate  at  0"*  C  The 
several  alcoholic  extracts  are  cooled  to  0"  C.  and  the  precipitates  united  and 
completely  extracted  with  cold  ether,  which  dissolves  the  cholesterin  and 
lecittiin-like  bodies.  The  residue  is  now  strongly  pressed  between  filter- 
paper  and  allowed  to  dry  over  snlphuric  acid  or  phosphoric  anhydride.  It 
is  DOW  pulven7,ed,  digested  with  alcohol  at  +  45*  C,  filtered  and  slowly 
cooled  to  O''  C.  The  crystals  which  separate  may  be  purified  when  necessary 
by  recrystallization. 

The  same  steps  are  taken  when  we  wish  to  detect  the  presence  of 
protagon. 

On  decomposing  protagon  or  the  protagona  h^  the  gentle  action  f»f 
alkalies  we  obtain  as  cleavage  products,  as  above  stated,  one  or  more  bodiee, 
which  TnuDicHUM  has  embraced  ander  the  name  cerebrosides.  The  cere- 
brosides  are  nitrogenous  substances  free  from  phosphorus,  which  yield  a 
reducing  rariety  of  sugar  (galactose)  on  boiling  with  dilute  mineral  acids* 
On  fusing  with  potash  or  by  oxidation  with  nitric  acid  they  yield  higher 
fatty  acids,  palmitic  or  stearic  acids.  The  cerebrosides  isolated  from  the 
brain  are  cerebrin^  keraain,  and  encephalin.  The  bodies  isolated  by  Kosskl 
and  Freytao  from  pus,  pyosin  and  pyogeDin  also  belong  to  tne  cere- 
brosides. 

Cerebrin.  Under  this  name  TV,  MOller'  first  described  a  nitrogenous 
substance,  free  from  phosphorus,  which  be  obtained  by  extracting  a  brain- 
mass,  which  had  been  previously  boiled  with  baryta- water,  with  boiling 
alcohoL  Following  a  method  essentially  the  same,  but  differing  somewhat, 
Qeooueoak'  prepared  from  the  brain  a  cerebrin  with  tlie  same  properties 
as  MCller*s,  but  containing  less  nitrogen.  According  to  Parcts'  the 
cerebrin  isolated  by  GEoanEGAN  as  well  as  by  Muller  consists  of  a  mixture 
of  three  bodies,  *'  cerebrin,"  "  homocerebrin,"  and  *'  encephalin/'  KoftSEL 
and  Freytag  isolated  two  cerebrosides  from  protagon  which  were  identical 
with  the  cerebrin  and  homocerebrin  of  PAHrvs.  According  to  these  inves- 
tigators the  two  bodies  phrenosin  and  keraain  as  described  by  Thudichum 
seem  to  be  identical  with  cerebrin  and  homocerebrin. 

Cerebrin,  according  to  Parcus,  has  the  following  composition:  C  69.08, 
H  11.47,  N  2.13,  0  17,32?^,  which  corresponds  with  the  analyses  made  by 
EoBSEL  and  Freytaq.  No  formula  has  been  given  to  this  body.  In  the 
dry  state  it  forms  a  pore  white,  odorless,  and  tasteless  powder.  On  heating 
it  melts,  decomposes  gradually,  smells  like  burnt  fat,  and  burns  with  % 


»  Annah  il.  Cbem.  u.  Pbarm,,  Bd.  105. 

•  Zeilscbr.  f.  physlol.  Chem  ,  Bd.  3. 

*  Parcus,  Ueber  eioige  neue  GeliiniBtoile.    laaug.-Diss.  Leipzig,  1881. 
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luminous  iiaine.  It  is  insohible  in  water^  dilute  alkalies^  or  baryta^i^ui 
It  IS  also  inBolnble  in  cold  alcohol  and  in  cold  or  hot  ether.  On  the  ooo* 
trary,  it  is  soluble  in  boiling  alcohol  and  separates  as  a  flaky  precipitation 
cooling,  and  this  is  found  to  consist  of  a  mass  of  balls  or  grains  on  micro- 
ficopical  examination.  Cerebrin  forms  with  baryta  a  compound,  insolcble 
in  water,  which  decomposes  by  the  action  of  carbon  dioxide.  Cerebrin 
dissolves  in  concentrated  sulpbnric  acid,  and  on  warming  the  solatba  it 
becomes  blood-red.  The  variety  of  sagar  split  off  on  boiling  with  mineral 
acids — the  so-called  brain-sugar — is,  according  to  Thierfelder/  galactoae* 
Keraain  (according  to  TiiuniciiUM)  or  homocerebrin  (according  to 
PARfjus)  has  the  following  compoaition;  C  70.00,  H  11.00,  N  2.^3,  and 
O  lO.Uje.  Encephalm  has  the  composition  C  08.40,  U  11*00,  N  3.00,  and 
O  IG.Ol?^*  Both  bodies  remain  in  the  mother-lic|uor  after  the  impure 
cerebrin  has  precipitated  from  the  warm  alcohol.  These  bodies  have  tli« 
tendency  of  separating  as  gelatinoui^  masses.  Kerasin  is  similar  to  cerebrifi, 
but  dissolves  more  easily  in  warm  alcohol  and  also  in  warm  ether.  It  nuij 
be  obtained  as  eitremely  fine  needles.  Encephalin  is,  according  to  Parccs, 
a  transformation  product  of  cerbrin.  In  the  perfectly  pure  state  it  crystal- 
lizes in  small  lamelliB.  It  swells  into  a  pasty  mass  in  warm  water.  Like 
cerebrin  and  kerasin,  it  yields  a  reducing  substance  (probably  galactose)  on 
boiling  with  dilute  acid. 

The  cerebri ns  are  generally  prepared  according  to  MCrxEu's  metbod. 
The  brain  is  first  stirred  with  baryta- water  until  it  appears  like  thin  millit 
and  then  it  is  bolted.  The  insoluble  parts  are  removed,  pressed^  and 
repeatedly  boiled  with  alcohol,  which  is  filtered  while  boiling  hot.  The 
impure  cerebrin  which  separates  on  cooling  is  freed  from  cholesterin  andiftt 
by  means  of  ether,  and  then  purified  by  repeated  solution  in  warm  alcohol. 
According  to  Parcl'S  this  repeated  solution  in  alcoliol  is  continued  nntilM 
gelatinous  separation  of  homocerebrin  or  encephalin  takes  place. 

According  to  GEor*iiEr,AN's  method  the  brain  is  first  extracted  with  coW 
alcohol  and  ether  and  then  boiled  with  alcohol.  The  precipitate  which 
aepa rates  on  tlie  cooling  of  the  alcoholic  filtrate  is  treated  with  ether  and 
then  boileil  witli  baryta-water.  The  insoluble  residue  is  purified  by  repeated 
fiolution  in  boiling  alcohol. 

The  cereljrin  may  also  be  obtained  from  other  organs  by  employing  tha  j 
above  methods.  The  qnantitativ-e  estimation,  wlien  such  is  desired,  may  be  I 
performed  in  tlie  same  way, 

KosREL  and  Freytao  prepare  cerebrin  from  protagon  by  saponifying  it 
in  a  solution  in  methyl  alcohol  with  a  hot  solution  of  canstic  baryta  in 
methyl  alcohol.  The  precipitate  is  filtered  off  and  decomposed  in  water  by 
carbon  dioxide,  and  the  cerebrin  or  cerebroside  extracted  from  tlie  insoluble 
residue  by  hot  alcohol. 

KeoxIdiD,  CaHi^Ni,  is  a  non-poisonouB  dtamln  discovered  by  Brisgsr,  Rud  ivbicli 
was  obiiiiued  by  liim  in  ilie  putrefaction  of  uieui  liud  gelatiu.  iiud  from  cultures  of  tlie 
typhoid  IjaciUus.  It  alt.o  occurs  iiadijr  pbysiylogicul  conditioDS  In  llie  brain,  aod  n* 
traces  In  the  yolk  of  the  e^g. 

^  ZeiUobr.  f.  pbyslol.  Chem..  fid.  14. 
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NeuHdif]  dfasolves  In  water,  and  yields  on  boilio^  with  lUkalles  a  mixture  of 
liykmin  aud  triznethyiumiii.  It  ilisf^olvcs  \v!ib  difficulty  in  uniyI-a1cr>boL  It  li 
ible  in  ether  or  absolute  uk(»lioL  In  iljc  free  stHie  ueuridin  bus  a  peculiar  odor, 
«a^estitig  scmeD-  With  byilrochloric  acid  U  gives  n  QomhumXiim  crystjilltzifjg  in  \tm^ 
needles.  With  platiuic  cblodde  or  gold  chloride  it  gives  crystal !izi\bie  double  conibina- 
Tions  wbieb  are  valtinble  in  iis  prei>ajHtioii  uud  tifiet-iioiK 

The  so-called  coupc»cula  AM\^.AC■EA,  which  occur  oq  the  upper  surfncc  of  the 
Ijrain  and  in  the  pituitary  glnucl,  are  eulc^red  luore  or  les«  pure  violet  by  iodine  and 
more  blue  by  sulphuric  «cid  and  ioiline.  They  coustst.  peihaps,  of  the  same  ^ubsiauce 
BA  certain  prostatic  cjilculi,  but  they  have  not  been  closely  investigated, 

H  Quantitative  Composition  of  the  Brain.  The  (pantity  of  water  m 
greater  in  the  gray  than  in  the  white  substance,  and  greater  in  new-born 
or  young  individuals  than  in  adults.  The  brain  of  the  fietus  contains 
879-9*26  p.  m,  water.  According  to  the  observations  of  Weisi^acii  *  the 
tinantity  of  water  in  the  several  parts  of  the  brain  (and  in  the  medulla)  vanes 
at  different  ages.  The  following  figures  are  in  1000  parts — A  for  meii  and 
B  for  women: 

»firu3i>  Yearn.  30-.no  Yenrn.  50-70  T«&r«.  70^84  yeflrs, 

'  A  B.  A.  B.~^  A.  B,  '~A  bT^ 

White-Mibstanceof  the  brain  695.6  682.9  683.1  703,1  701,9  689.6  726  1  722.0 

Gray  ditto 833.1)  8^  3  886.1  8S0.6  888,0  8B8,4  847  8  839.5 

GtH , 784  7  792.0  795  9  773  9  79ftJ  796  9  ft02.3  801.7 

Cerebellum   788.3  794.9  778  7  789.0  7«7:9  784.5  80:i4  707.9 

PoDii  Varolii... 784.6  740.8  725  5  722.0  720,1  714.0  727,4  724,4 

Medulla  oblongata 744.3  740.7  732.5  729,8  722.4  T30.6  736.2  733  7 

■  Quantitatiye  analyses  of  the  brain  have  also  been  made  by  Petrowsky  ' 
on  an  ox-brain,  and  by  Baumstakk  on  the  brahi  of  a  horse.  In  the  analysis 
of  PETROWiSKY  the  protagon  has  not  been  considered,  and  all  organic,  phos- 
phorized  sabstancea  were  calculated  as  lecithin.  On  these  grounds  these 
analyses  are  not  of  much  valne  from  a  certain  standpoint  In  Baumstakk^s 
analyses  the  gray  and  the  white  substance  could  not  be  sufficiently  separated, 
and  these  analyses,  on  this  acconnt,  show  partly  an  excess  of  white  and 
partly  an  excess  of  gray  substance;  nearly  one  half  of  the  organic  bodies, 
chietly  consisting  of  bodies  soluble  in  ether,  could  not  be  exactly  analyzed. 
Keitber  of  these  analyses  gives  sufficient  explanation  of  the  quantitative 
composition  of  the  brain. 

The  analyses  made  up  to  the  present  time  give,  as  above  stated,  an 
nneqaal  division  of  the  organic  constituents  in  the  gray  and  white  sobstance. 
In  tlie  analyses  of  Petrowsky  the  quantity  of  proteida  and  gelatin -form  lug 
substances  in  the  gray  matter  Wiia  somewhat  more  than  one  half,  and  In  the 
white  about  one  quarter,  of  the  solid  organic  substances.  The  quantity  of 
cholesterin  in  the  white  wa«  about  one  half,  and  in  the  gray  substance  about 
one  fifth,  of  the  solid  bodies.  A  greater  quantity  of  soluble  salts  and 
extractive  bodies  was  found  in  the  gray  sobstance  than  in  the  white 
(BaL'MSTark).     The  following  analyses  of  Baumstark  give  the  most  im- 

»  Cited  from  K.  B.  Hofmaim's  Lebrb,  d.  Zoochemie  (Wlen,  1876),  S.  121. 
•  Pfl&ger'a  Arch.,  Bd.  7. 
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portant  known  constitnents  of  the  brain  culculated  in  1000  parts  of  tlie 
fresh,  moist  brain.  A  repreaenta  chiefly  the  white,  and  B  chieflj  thegmj, 
sabstance, 

A.  B. 

Water ee5  3o  709.07 

Solids. ....,..,.,. 304  do  230  03 

PrriUgon , 25.11  10.80 

Insoluble  proleid  and  coQuectiTe  Ciasue. .  • 50,02  110.79 

Clxolesleriii,  free 18.19  d.80 

combined.................... ^.m  17.51 

Nucleln 3.94  IM 

Kenrukenitin ...     18.93  10.43 

Mi  aeml  bodies .       5,23  5.$8 

The  reniainder  of  the  solids  probably  consiBta  chieEy  of  leoitbin  &nil 
other  phosphorized  bodies.  Of  the  total  amonnt  of  phosphorus  15*20 
p.  iij,  belooga  to  the  nnclein^  50-00  p.  m.  to  the  protagon,  1 50-1  f^O  p,  m. 
to  the  ash,  and  770  p.  m.  to  the  lecithin  and  the  other  phosphorized  organic 
BubBtances. 

The  quantity  of  nearokeratin  in  the  nerves  and  in  the  different  parts  of 
the  hrain  has  been  car.efiilly  determined  by  KCjhne  and  CHiTTE!fDEif.» 
They  found  3.16  p.  ni.  in  the  plexns  hrachialis,  3.12  p.  m.  in  the  edge  of 
the  cerebelhmi,  22.434  p.  m.  in  the  white  substance  of  the  cerebram, 
25.72-29.02  p,  m.  in  the  white  Bnbstance  of  the  corpns  callosnm,  and  3iT 
p,  Di.  in  the  gray  sobstance  of  the  edge  of  the  cerebrnm  (when  free  u 
possible  from  white  substance).  The  white  is  very  considerably  richer  ifl 
neurokeratin  than  the  peripheric  nerves  or  the  gray  substance.  AccordiBj 
to  GiuFFiTUS '  nenrochitin  replaces  neurokeratin  in  insects  and  cmstacea, 
the  quantity  of  the  first  being  10.0-12  p.  m. 

The  quantity  of  mineral  consti tents  in  the  brain  amounts  to  2.95-7.08 
p.  m.  according  to  OEOOHEnAN,     He  found  in  1000  parts  of  the  fresi^* 
moist  brain  0.43-L32  CI,  0.956-2.010  PO;,  0.244-0.706  CO.,  0.102-0.^^0  ^ 
SO,,  0.01-0.098  Fe,{POJ,,  0.005-0.022  Oa,  O.OlG-0.072  Mg,  0.58-h7T8  ■ 
K,  0.450-1-114  Na.     The  gray  substance  yields  an  alkaline  aah,  the  whiti  H 
an  acid  aah. 

A  pp 4"; lid  is. 
The  Tissue  and  Fluids  of  the  Eye. 

The  retina  contains  in  all  865-899.0  p.  m.  water,  57.1-84.5  p.  ^ 
^foteid  bodies — myosin,  albumin,  and  mucin  {?),  9.5-28.9  p.  m.  lecithiDt 
and  8.2-11.2  p.  m.  salts  (Hoppe-Seyleh  and  CvifN  ').  The  mineral  bodiw 
consist  of  422  p.  m.  Na.HPO,  and  352  p.  m.  NaCl. 

Those  bodies  which  form  the  different  segments  of  the  rodt  and  oon«B ' 


^  Zeksciir.  f,  Biologle,  Bd.  ^. 

'  ConipU  rend.,  Tome  11  rs. 

*  Zeltsckr.  f.  phyaiol.  Chem.,  Bd.  5. 
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lave  not  been  closely  Btndied,  and  the  greatest  intereBt  is  therefore  eoD> 
uected  with  the  coloring  matters  of  the  retina. 

Visual  purple,  also  called  rhmlopsin^  eryihropsin^  or  visual  red,  is  the 
pigment  of  the  rods.  Boll'  observed  in  1876  that  the  layer  of  rods  in  the 
retina  during  life  had  a  parpliah-red  color  which  was  bleached  by  the  action 
of  light.  KOhne'  showed  later  that  thia  red  color  might  remain  for  a  long 
time  after  the  death  of  the  animal  if  they  eye  was  protected  from  daylight 
or  investigated  by  a  sodinm  light.  Under  these  conditions  it  wag  also 
poisible  to  isolate  and  closely  stady  this  snbatancc. 

Visual  red  (Boll)  or  visnal  pnrple  (Kuhke)  haa  become  known  mainly 
by  the  investigations  of  Kuhke.  The  pigment  occora  chiefly  in  the  rods 
and  only  in  their  outer  parts.  In  animals  whose  retina  has  no  rods  the 
visual  purple  is  absent,  and  is  also  necessarily  absent  in  the  macula  lutea. 
In  a  variety  of  bat  (rhmolojikus  Jiipposideros)^  in  hens,  pigeons,  and  new- 
bom  rabbits,  no  visnal  parple  has  been  found  in  the  rods. 

A  eolation  of  visual  purple  in  water  which  contains  2-5^  crystallized 

bile,  which  is  the  best  solvent  for  it,  is  pnrple-red  in  color,  quite  clear,  and 

not  fluorescent.     On  evaporating  this  solution  in  vaaw  we  obtain  a  residue 

similar  to  ammonium  camiinate  which  contains  violet  or  black  grains.     If 

the  above  soltttion  is  dialyzed  with  water,  the  bile  diffuses  and  the  visual 

purple  separates  as  a  violet  mass.     Under  all  circnmstances,  even  when  still 

in  the  retina,  the  visnal  porple  is  quickly  bleached  by  direct  sunlight,  and 

with   diffused  light  with  a  rapidity  corresponding  to  the  intensity  of  the 

light.      It  passes  from  red  and  orange  to  yellow.     Red  light  bleaches  the 

^Fisua'  pnrple  slowly;  the  ultra-red  light  does  not  bleach  it  at  all.     A  soln- 

Bjion  of  visnal  purple  shows  no  special  absorption-bands,  bat  only  a  general 

absorption  which  extends  from  the  red  side,  beginning  at  Dj  to  the  line  G. 

The  strongest  absorption  is  found  at  E, 

KcKTTOEN  and  Abelbdokf  '  bave  shown  that  we  have,  in  accordance  with  EiiHKE's 
▼icwg,  two  vfidriien  of  visual  pnrple,  llie  one  Ofcijrring  in  mmnmals,  hirda,  and  timpliib- 
iatiB.  iind  Ibe  «»tber,  which  is  more  violci  reii.  in  fiMijea.  TLe  hrst  has  its  miLximtim 
absorpikni  in  ibe  grtiuu,  and  the  utber  in  the  yellowish  gicen. 

Visual  purple  when  heated  to  52-53°  C»  is  destroyed  after  several  hours, 
and  almost  instantly  when  heated  to  +  ^^°  C?-  It  is  also  destroyed  by 
alkalies,  acids,  alcohol,  ether,  and  chloroform.     On  the  contrary,  it  resists 

_^the  action  of  ammonia  or  alum  solution. 

■  As  the  visual  purple  ia  easily  destroyed  by  light,  it  most  therefore  also 
be  regenerated  during  life.     Kuhhe  has  also  found  that  the  retina  of  the 


I      i  Monatsschr.  d.  Berl.  Akad.,  12  Nov  ,  1876. 

•  Tbe  i  n  vest  t  gat  ion  B  of  KUhne  aud  bis  pupHs  Ewnld  and  Ayres  on  the  visunl  purple 
will  be  found  in  Uutersuchungen  nus  deui  pbysioL  InsUtut  der  Unlversiiflt  Heidelberg^ 
Bdd.  1  und  2,  and  in  Zeirsdir,  f.  Biolog^ie,  Bd>  ?i2. 

•  Ceutralbl.  f.  Physiol.,  Bd.  9.  also  Maty*H  Jiihresbcr.,  Bd,  25,  B.  85L 
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eye  of  the  frog  becomes  bleaclied  when  exposed  for  a  long  time  to  efermtg 
BQulight^  and  that  its  color  gnidnally  returns  when  the  animal  is  placed  iii 
the  dark.  Thia  regeneration  of  the  viaaal  purple  is  a  function  of  theliricg 
cells  in  tlie  layer  of  the  pigment-epithelium  of  the  retina*  This  may  be 
inferred  from  the  fact  that  a  detached  piece  of  the  retina  which  has  beeu 
bleached  by  light  may  have  Its  vianal  purple  restored  if  the  detached  pieci 
of  the  retina  be  carefully  laid  on  the  chorioidea  having  layers  of  the 
pigment-epithelmm  attached.  The  regeneration  has,  it  seems,  nothing  to 
do  with  the  dark  pigmeot,  tlie  melanin  or  fascin,  in  the  epithelium^calk 
A  partial  regeneration  seems,  according  to  KuiiXK,  to  be  possible  in  tb 
completely  removed  retina.  On  account  of  thia  property  of  the  tibuiI 
purple  of  being  bleaclied  by  light  during  life  we  may,  aa  Kuhne  hasAowQ, 
under  special  conditions  and  by  observing  special  precautions,  obtain  after 
death  by  the  action  of  intense  light  or  more  continuous  light  the  picture  of 
bright  objects,  such  as  windows  and  the  like — so-called  optogramg. 

The  physiological  importance  of  visual  purple  is  unknown.  It  follows 
that  the  visual  purple  is  not  essential  to  sight,  since  it  is  absent  in  oeruin 
animals  and  also  in  the  cones. 

Visual  purple  must  always  be  prepared  exclasively  in  a  sodium  light. 
It  is  extracted  from  the  net  membrane  by  means  of  a  watery  solution  of 
cr^^stallized  bile.  The  filtered  solution  is  evaporated  in  vacuo  or  dialyzcd 
until  the  viaaal  purple  is  separated.  To  prepare  a  visual-purple  solotiooi 
perfectly  free  from  h*moglobin,  the  solution  of  visual  purple  in  choliatesia 
precipitated  by  saturating  with  magnesium  sulphate,  washing  the  precipit&te 
with  a  saturated  solution  of  magnesium  sulphate,  and  then  dissolving  in 
water  by  the  aid  of  the  Bimultaneously  precipitated  choliates. ' 

The  Pif/jnenttt  of  th€  Cmies.  lo  lUtnimer  segineiils  of  the  couea  of  •birds,  repllH 
and  HsLies  a  fiiuan  fjil-globule  of  varjiiig  color  h  found.  Kiihnr*  bas  isolnted  frointiili 
fut  a  ^reeu,  a  jellow«  aad  u  rod  pigmeut  called  respecdveiy  chlorophan,  xanikppaHi  tsi 
rhodophau. 

The  dark  pigraetit  of  ihe  epithelium  cells  of^  the  net  mejjibrane,  which  wm  fot- 
tnerly  called  fndanin,  but  since  u&urnd  fjtscin  by  Kuhne  liud  May,^  dissolves  iu  concco- 
tnitoil  raustic  alkalle;^  or  coucentrated  sulphuric  acid  on  warmings  but,  like  tnelanfi^  ^i^ 
general  (aei^  Chapter  XVI),  has  been  littlt;  studied.  The  pigment  occurring  h  U*» 
pig lueut'i- ells  of  the  chlurioldea  seems  to  be  identical  with  the  fuscin  of  the  retina. 

The  vitreouB  humor  is  of  teti  coosidered  as  a  variety  of  gelatinoaa  ttMae. 

The  nietnbratie  coiisista,  according  to  0.  Morner/  of  a  gelatin-forming 

substance.     The  fluid  contains  a  little  proteid  and  a  mocoid,  ht/ahmucoid^ 

which  waa  first  shown  by  J!orkeh,  and  which  ia  not  precipitated  by  acetic 

acid.     This  contains  12/<J7:(^  N  and  1,19,^  S.     Among  the  extractives  we 

find  a  little  tirea — according  to  Picard*  5  p.  m.,  accordiiig  to  Rahlmai«k' 

^  Kahne.  ZelUschr,  f,  Biologifl,  Bd.  ^!  | 

*  Ktlliut*,  Die  uichlbcstaudigen  Par  ben  der  Netzliaut, 
Instiiut  Heidelberg.  Bd.  1,  8.  341, 

*  Kabne,  Md,.  Bd.  2,  8  324. 

*  ZeilJKThr.  f.  physIol.  Chem.,  Bd,  18. 

*  Gamgt'e*s  Physiul.  Ciiem.,  p.  4M. 

*  Maly'a  Jahreaber. ,  Bd.  6,  8.  219, 
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0.04  p.  m,  Paftz  *  foDod  besides  some  iirea  also  paralaotic  acid,  and,  ia 
coofirmatioD  of  the  statements  of  Ch abbas,  Jesker,  and  Kuiin,  also 
glticoee  in  the  vitreous  homor  of  oxen.  The  reaction  of  the  vitreous  hnmor 
is  alkaline,  aod  the  quantity  of  solids  amounts  to  abont  11  p.  m.  The 
qaantity  of  mineral  bodies  is  abont  9  p*  m.,  and  the  albnminouB  bodies  0.7 
p,  m.     In  regard  to  the  aqneons  hnmor  see  page  194. 

The  Crystalline  Lens.  That  Bnbatance  which  forms  the  eapanle  of  the 
len^  has  been  recently  investigated  by  C.  MOrner*  It  belongs,  accord- 
ing  to  him,  to  a  special  group  of  proteins,  called  niBinbranins*  The 
membranin  bodies  are  insoluble  at  the  ordinary  temperature  in  water,  salt 
solntions,  dilute  acids,  and  alkalies,  and,  like  the  mocins,  yield  a  redncing 
substance  on  boiling  with  dilate  mineral  acids.  They  contain  sulphnr^ 
which  blackens  lead.  The  mem  bran  ins  are  colored  a  very  bean  t  if  a  1  red  by 
Millok\s  reagent,  but  give  no  characteristic  reaction  with  concentrated 
hydrochloric  acid  or  AoAMKiEv^acz's  reagent.  They  are  dissolved  with 
great  difliculty  by  pepsin-hydrochloric  acid  or  trypsin  solution.  They  are 
dissolved  by  dilute  acids  and  akalies  in  the  warmth.  Memhranin  of  the 
capsule  of  the  lens  contains  14.10;^  N  and  0.8^5^  8,  and  ia  a  little  less  soluble 
than  that  from  Descemkt*s  membrane. 

The  chief  mass  of  li  talids  of  the  crystalline  lens  cunsists  of  proteids, 
whose  nature  has  been  investigated  by  C.  Morner.'  Some  of  these  proteida 
are  insohible  in  dilute  salt  solution,  and  others  soluble  therein. 

The  Insolubh  ProteitL  The  lens-fibres  consist  of  a  proteid  substance 
which  is  insoluble  in  water  and  salt  solution  to  which  Morker  has  given 
the  name  albumoip.  It  dissolves  readily  in  very  dilnte  acids  or  alkalies. 
Its  solution  in  caustic  potash  of  0.1^  is  very  similar  to  an  alkali-alhuminate 
solution,  but  coagulates  at  about  50°  C.  on  nearly  complete  neutralization 
and  addition  of  8^  NaCl.  Albnmoid  has  the  following  composition; 
C  53,12,  II  C.8,  N  1G.62,  and  S  O.TOj^.  The  lens-fibres  themselves  contain 
16- Gl^  N  and  0.7?!^  S,  The  inner  parts  of  the  lens  are  considerably  richer 
in  albamoid  than  the  outer.  The  quantity  of  albnmoid  in  the  entire  lens 
amonnts  on  an  average  to  about  48?^  of  the  total  weight  of  proteids  of  the 
'  lens. 

Tlie  Soluble  Proteid  consists,  exclusive  of  a  very  small  or.antity  of 
ALBUMIN,  of  two  globnlioB,  a-  and  >^-crystalltn.  These  two  globuHns 
differ  from  each  other  in  this  manner:  a-crystallin  contains  10.68;^  N  and 
0.505^  S;  /Sf-crystallin,  on  the  contrary,  17.04,^  N  and  1.27?^  S.  The  first 
coagulates  at  about  72"*  C,  and  the  other  at  03°  C»  Besides  this,  /C?*crystal- 
lin  is  precipitated  from  salt-free  aolntion  with  greater  difficulty  by  acetio 
acid  or  carbon  dioxide.     These  globulins  are  not  precipitated  by  an  excess 


*  ZeltscUr.  f.  Blologie.  B<1    31.     A  complete  index  of  HU'rarure  may  be  fotiod  bere. 

*  ZeiUchr.  f.  pbjsiol.  Cbem..  Bd«  18.    Tbis  codUiiib  also  Ibe  pertinent  literuture. 


munr  amd  ifXMVEgL 

wlphatir  in   gnhrtnifw  ptcdpttmles  both   gloteliofl,   on   tb*  ooDlimrf^   a&| 

mt  C.    Th&m  two  gkMtM  mm  luii  a^nallj  afridod  hi  tlie  inM  of  A0 1 

Tte  qiiaotitf  of  ^r-efyglalBii  dimlnlriict  m  Ibe  tent  fram  wilhoiit  mwaid*^* 

fi-CTjwtaSim^  OD  tbt  eoQtnrj,  from  vitbui  ootwmnU. 

A  BivsAMr*  dinlttgiMMS  tte  two  followiiig  dbBMlMMw  bodiei  te  ihfi  va 
exinct  of  1^  CTTHaBiM  kas:  pttf€M|riBtaM.wkicii  cfgwhlf  ift  +  55*  C.  mad  coal 
a  ifiliffr  cftzyBi;  sad  Ins  m  specif  Toutory  pover  of  <aW  =  —  41\  aad  Ike  rfp 
!«■•<»,  wilk  s  mcfiefolatoffj  MMrcr  of  (£r)j  =  -  80*,3.  Fron  l^  rriMiM  €f  tb»  1 
viM  wa»  iHOiBUe  fa  vster.  BicoAMF  eitncied»  bj  ment  of  lijdrodUorfe  add 
bodj  havia^  a  fpedfic  rousory  po>w«r  of  <a]|/  =  —  89^^  which  b  a 

Tho  l&OB  doof  not  aoem  to  contain  aaj  proteid  bodies  which  coagolato 
■pootsnfioitsly  like  fibrinogen.  Tliat  eloodineffi  which  appean  after  dsadi 
deplmdfiy  aeoording  to  KCnxe,  npon  the  nneqnal  changing  of  the  coiieeii- 
tiation  of  the  contents  of  tbe  lenj-tobes.  Thtt  diange  is  produced  bj  the 
altered  ratio  of  diffasion*  A  cloodinefls  of  the  lens  maj  also  be  prodaoed  in 
life  by  a  rapid  remoTal  of  watery  as,  for  example,  when  a  frog  is  plunged 
into  a  salt  or  sngar  aolntion  (KrsrnE*).  The  appearance  of  do adinees  in 
diabetes  has  been  attribnted  by  some  to  tbe  remoTsl  of  water.  The  views 
orn  this  snbject  are,  however,  contradictory* 

Tbe  aterage  resnlts  of  fonr  analyses  made  by  LAFT8CHi:!rBCT  *  of  tiie 
leos  of  oxen  are  here  giTen,  calcnlaied  in  parts  per  ICNX): 

Frotcidi  ,.• 340.8 

Lectdda ,...*«.  p^^..... 2.3 

Cliotesterfa * ...*.. 2.2 

Fsl. %9 

Sofuble  adii. * 5.3 

lD»iluble  nlU 9Lt 

In  caturact  the  amoont  of  proteids  is  diminished  and  the  amoont  of 
eholsstenn  iDcreased* 

Tbe  qosntitj  of  the  different  proteids  in  the  fresh  moist  lens  of  oxen  is 
as  follows,  according  to  Md£V£B*: 

A'     -"1  nen«.«br«s} 170  p.  ol 

fi..... ,... no  •* 

-     i,         ;n - 88    *• 

AHmmin..... 2     *' 

The  corneal  ti«u©  has  been  previonriy  treated  of  i^page  320).  The 
sclerotic  has  not  heen  closely  inrestigated,  and  the  choroid  coat  is  chiefly 
of  interest  becanse  of  the  coloring  matter^  melanin,  it  contains  (see  Chap. 
XVI). 

Teaiu^  consist  of  a  water-clear,  alkalip*)  fluid  of  a  saltish  taste.     Aoc^rd- 


*  Cotnpt.  rend. ,  Tome  90. 

*  KAbne.  Lehrbuch  d,  pbytlol  Chem.p  B.  105; 
*Pf!Qger*iArch.,  Bd.ia. 


Kunde*  cited  from  Euhne. 
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Dg  to  the  EDalyseB  of  Lerch  '  they  contain  982  p.  m.  water,  18  p.  m.  solids, 
irith  5  p.  m.  albumin  and  13  p.  m.  NaCl. 

The  Fluids  of  the  Inner  Ear. 

The  perilymph  and  endolymph  are  alkaline  flaids  which,  besides  salts, 
contain — in  the  same  amoants  as  in  transudations — traces  otproteidy  and  in 
certain  animals  (codfish)  also  mucin.  The  quantity  of  mucin  is  greater  in 
the  perilymph  than  in  the  endolymph. 

Otoliths  contain  745-795  p.  m.  inorganic  substance,  which  consists 
chiefly  of  crystallized  calcium  carbonate.  The  organic  substance  is  very 
ike  macin. 

*  Cited  from  Qorup-Betanez,  Lehrb.  d.  physiol.  Chem.,  4.  Aufl.,  S.  401. 


CHAPTEE   XIIL 
orgjlxs  of  GEXERATIOX. 

(tL)  Kale  GeneratiTe  SecretiouL 

^Itst  tcitis  hare  been  little  inrcsiigated  chemicalij.  We  fni  in  the 
twtii  of  aoimalj  proteid  tiodiei  of  different  kiai«,  t^r-j^f^um^r,,  •::'L'ili  ti^^M- 
yniftaie  f},  and  ao  albamlnooi  bodj  relatei  to  Rovidas'  At  j."i>s-?  /.  r*;jii/v, 
i-i-so  Uvririf  iyrogin^  crtaiin,  xjunihin  Wl\^.4^  ch/A^.4UriH^  lt<i:'\iu,  iV.;*i;,  and 
/a/.  Iq  TtgMrd  to  the  oocairence  of  glycogen  the  eiatemenis  arr  s-rnievhat 
contradictorj.  Dakeste  '  foand  in  the  tegtii  of  birds  starch-like  gT^in:iIe&» 
which  were  colored  blue  with  difficaltj  by  iodine. 

The  femen  ai  ejected  is  a  white  or  whitish-yellow,  vi§co:3s,  sticky  f  nid 
of  a  milky  appearance,  with  whitish,  non-transparent  lamps.  TLe  mi'.kr 
appean&nce  is  dae  to  fpermatozoa.  Semen  is  bearier  than  water,  contains 
proteidii,  bai  a  neatral  or  fiuntly  alkaline  reaction  and  a  pec:il:ar  specific 
odor.  Soon  after  ejection  semen  becomes  gelatinons,  as  if  it  were  coagn- 
lated,  bnt  afterwards  becomes  more  flnid.  When  diluted  with  water  white 
flakes  or  shreds  separate  (Hexle's  fibrin).  According  to  the  analyses  of 
Vauqcelih*  haman  semen  contains  900  p.  m.  water  and  l*>j  p.  m.  solids, 
with  00  p.  m.  organic  and  40  p.  m.  inorganic  substance,  of  wJiich  3'.»  p.  m. 
u  calciam  phosphate.  Among  the  albaminons  bodies  Posneb '  claims  that 
alAumose  (propeptone)  occurs  even  in  the  absence  of  the  spermatozoa. 

The  semen  in  the  ras  deferens  differs  chiefly  from  the  ejected  semen  in 
that  it  is  without  the  peculiar  odor.  This  last  depends  on  the  admixture 
with  the  secretion  of  the  prostate.  This  secretion,  according  to  Itersex,* 
has  a  milkj  appearance  and  ordinarily  an  alkaline  reaction,  very  rarely  a 
neutral  one,  and  contains  small  amounts  of  proteids  and  mineral  bodies, 
especially  NaCl.  Besides  these  it  contains  a  crystalline  combination  of 
phosphoric  acid  with  a  base,  C,n^K.  This  combination  has  been  called 
Bottcheb's  spermin  crystals^  and  it  is  claimed  that  the  specific  odor  of  the 
semen  is  due  to  a  partial  decomposition  of  these  crystals. 

«  CompL  rend..  Tome  74. 

*  Cited  from  Lehmano's  Lehrb.  d.  phjsiol.  Cbem.  (Leipzig.  1853).  Bd.  2.  S.  303. 

*  Berlin,  klin.  Wocheuschr..  1888.  No.  21,  and  CeDtralbl.  f.  d.  med.  Wissensch  .  lt)90. 
8.  487. 

«  Kord.  med.  Ark..  Bd.  6 ;  also  ICalj's  Jahresber..  Bd.  4.  S.  358 
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The  crystals  which  appear  on  slowly  evaporating  the  s^meDt  and  which 
are  also  observed  in  anatomical  preparations  kept  in  alcohol  and  in  desiccated 
egg-alhnminj  are  identical,  according  to  Schreixer,  with  Charcot's 
crystals  found  in  the  Mood,  and  in  the  lymphatic  glands  in  lencapmia,  but 
this  haa  not  been  proved.  They  are,  according  to  Sen  rein  eh,*  a  combina- 
tion of  phosphoric  acid  with  a  base,  spermin^  C,H,N,  which  he  discovered. 

Bpermin.  The  views  in  reie^Rrd  to  the  nature  of  this  base  are  not  utmnimotis.  Accord- 
ing to  the  iDTestigatiotJs  of  LADKNncHC}  and  Abkl.  it  is  tmt  imf^robiiiile  iknt  spenniti  ia 
identical  with  t'thylentmiu  ;  but  ibis  ideiility  is  disputed  by  Majeut  and  A.  Schmidt^ 
and  also  by  Poeul,  Tbe  compound  of  spermiu  with  phosplioHc  acid — Ko'nciiEH'a 
sperniTU  crystals — is  insobible  in  Hlc<>bf>l,  ctbcr,  and  rblorofornj,  goltiblc  wiili  (lifflnilty 
in  cold  water,  but  more  readily  in  hot  water,  and  easily  sotuble  m  dilute  acids  or  alka* 
lie*,  also  alkali  carbonate?  and  ammonbk  The  bnae  is  precipbated  by  tHimic  acid, 
juercuric  chloride,  gold  cbl<>rfde,  platinic  chloride,  pota^iuin-bismutiuc  iodide,  and 
plio8pho4ung^lic  acbl.  Spermin  ha^  a  looic  action,  and  according  to  Puehl  '  it  has  a 
marlted  actimi  on  tbe  oxidation  processes  of  tbe  animn)  body,* 

The  Bpermatozoa  show  u  great  reeistance  to  chemit;al  reagents  in  general* 
They  do  not  dissolve  completely  in  concentrated  enlphnric  acid,  nitric  acid» 
acetic  acid,  nor  in  boiling-hot  soda  aolntiona.  They  are  soluble  in  a  boiling- 
hot  caustic-potash  sohition.  They  resist  putrefaction,  and  after  drying 
they  may  be  obtained  again  in  their  original  form  by  moistening  tbeni  with 
a  H  common-salt  solution.  By  careftil  beating  and  burning  to  an  ash  the 
shape  of  the  spermatozoa  may  be  seen  in  the  ash.  The  quantity  of  ash  Ib 
about  50  p.  m.  and  consists  mainly  (J)  of  potassiam  phosphate. 

Tbe  spermatozoa  show  well -ku own  movements,  but  the  cause  of  this  is 
not  known*  This  movement  may  continue  for  a  very  long  time,  as  under 
some  conditions  it  may  be  observed  for  several  days  in  the  body  after  death , 
and  in  the  secretion  of  the  uterus  longer  than  a  week.  Acid  liquids  stop 
these  movements  immediately;  they  are  also  destroyed  by  strong  alkalies, 
especially  ammoniacal  liquids,  also  by  distilled  water,  alcohol,  ether,  etc. 
The  movements  continue  for  a  longer  time  in  faintly  alkaline  liquids, 
especially  in  alkaline  animal  secretions,  and  also  in  properly  diluted  neutral- 
alt  solutions. 

Spermatozoa  are  nucleus  formations  and  hence  are  rich  in  nucleic  acid, 
which  exists  in  the  heatls.  The  tails  contain  proteid  and  are  besides  this  rich 
in  lecithin,  cholesterin,  and  fat,  which  bodies  only  occur  to  a  small  extent 
(if  at  all)  in  the  heads.  The  tails  seem  by  their  composition  to  be  closely 
allied  to  the  non-niedn Hated  nerves  or  the  axis-cylinders.  In  the  Tarioas 
kinds  of  animals  investigated,  the  head  contains  nucleic  acid,  and  this  is 


^  SchreiDer,  Annah  dc  Cbem.  u«  Pharm..  Bd.  104.  See  also  Tb.  Cobu,  Deutscb* 
Arch.  f.  kiin.  Med.,  Bd.  54. 

*  Ladenbiirg  aod  Abel,  Ber,  d,  deutscb.  cbem.  Gesellscb.,  Bd.  21  ;  Majeit  and  A. 
Schmidt,  ibid.,  B*l.  24 ;  Poehl,  Compt.  rend.,  Tome  115,  Berlin*  klin.  WocbvDschr.,  1881 
and  1893.  Deutscb.  med.  Wochenftchr.,  18»2  and  1895,  and  Zeilschr  f.  klin.  Med.»  1894. 

•  In  repnrd  in  Uie  so-called  Florence's  semen  renclion  sec  PcNiner,  Berlin,  kliu. 
Wocbenscbr..  1897,  and  Ricbter.  Wien.  klin.  Wocbecaebr,  1897, 
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tinited  with  proUmin  (or  salmin  and  stariE)  in  certain  fishes  (aalmoD, 
herring,  and  sturgeon).  In  other  animals,  such  as  the  carp,  bull,  and  boar, 
proteid-like  eobstances  occur  with  the  nucleic  acid,  bnt  no  protamin.  The 
same  is  tree  for  the  eea-iuchin,  arbacia,  whose  spermatozoa  contain  nacleie 
aeid  in  combination  with  a  hiBton-Uke  bofly,  arbacin. 

Our  knowledge  of  the  chemical  composition  of  spermatozoa  has  beta 
greatly  enhanced  by  the  important  investigations  of  Miescher*  on  sabnoQ 
roe.  The  intermediate  fluid  of  the  spermatozoa  of  Khine  salmon  is  a  dUote 
salt  Bohition  containing  lJi-1.9  p.  m,  organic  bodies  and  G.5-7.5  p.  m. 
inorganic.  The  last  consist  chiefly  of  sodium  chloride  and  carbonate,  besides 
aome  potassium  chloride  and  sulphate.  It  only  contaius  traces  of  prot«id, 
but  no  peptone.  The  tails  consist  of  419  p*  m,  proteid,  318,3  p.  m,  lecithiu, 
and  262,7  p.  m.  cholesterin  and  fat.  The  heads  extracted  witli  alcohol- 
«tber  contain  on  an  average  900  p.  m.  nacleie  acid  protamin,  which  Berer- 
theless  is  not  uniform,  bot  is  so  divided  that  the  outer  layers  eonsisi  of  basic 
Bucleic  acid  protamin ,  while  the  inner  layers,  on  the  contrary,  consist  of  acid 
nucleic  acid  protamin.  Besides  the  nocleic  acid  prottunin  we  have  in  tlie 
heads,  althoagh  to  a  very  slight  extent,  unknown  organic  substances*  Tbe 
nnripe  salmon  spermatozoa,  while  developing,  also  contain  nucleic  acid,  but 
no  protamin,  with  a  proteid  sabstance,  *'  alhmninose^^^  which  probably  iB» 
step  in  the  formation  of  protamin. 

As  in  the  salmon  so  in  the  herring  tbe  spermatozoa  heads  contain  nuckic 
acid  protamin,  according  to  Kossel  and  Mathews,'  and  they  are  free  from 
proteid.  Matoews,  who  investigated  the  spermatozoa  of  the  sea-urcbin* 
has  substantiated  Mie3cher*s  statement  tiiat  protamin  does  not  exist  in  tbs 
bull-spermatozoa.  According  to  him  hoar-spermatozoa  are  also  free  from 
pro  tan  in. 

Spermatin  is  a  name  wblch  h&a  been  given  to  a  cooBtltueDt  similar  to  alkali  albumin 
ate*  but  it  lijis  not  beeo  closely  studied, 

pTOitatic  coacrementi  ure  of  two  kiads.  One  is  very  small,  generally  oval  in  abipf. 
witli  coiict-ntnc  layers.  In  youinf  but  not  in  older  persons  Ibey  are  colored  blue  lij 
iodine  (IvERSEN  •)/  Tbe  other  kind  is  larger— i(>melime«  tlie  sixc  of  the  bead  of  a  pin^ 
and  consiBling  cbietly  of  calcium  pbospbate  (about  700  p.  m*),  with  only  a  very  sidaU 
AniouQt  (about  160  p.  m.)  organic  snbatance. 


i 


(b)  Female  Generative  Org^ani, 

The  stroma  of  the  ovaries  are  of  little  interest  from  a  pbjsiologioo- 
chemical  standpoint,  and  the  moat  important  constitnent  of  the  ovaries,  the 
Graafian  foUtcIes  witli  the  otrnmy  have  thns  far  not  been  the  aabject  of  i 
carefnl  cbeniical  investigation.     The  fiaid  in  tbe  follicles  (of  the  cow)  does 


*  See  Miescber.  '*  I>ie  liiatocbemiscben  uod  pbysblogtschen  Arbeiten  von  Friedrich 
Hleacher,  geaammelt  und  berauagegeben  von  seinea  Freundeu* "    Leipzig,  1807. 

*  Zeitscbr.  f.  pbysioL  €bem.,  Bd.  Z3. 
"  L.  c. 
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not  contiiin,  as  has  been  stated,  the  peculiar  bodies,  paralbumm  or  metaJbn- 
miii,  which  arefonnd  in  certain  pathological  ovarial  fluids,  bot  seems  to  be  a 
serons  liquid.  The  corpora  Ivtea  are  colored  yellow  by  an  aiiiorp}ious  pigs 
ment  called  lutein.  Besides  this,  another  coloring  matter  sometimes  occur- 
which  is  not  soluble  in  alkali;  it  is  crystalline,  but  not  identical  with 
bilirnbin  or  hftmatoidin;  but  it  may  be  identified  as  a  lutein  by  its  epectro- 
ecopic  beha?ior  (Piccolo  and  Lieben,  Kuhke  and  Ewald*). 

The  cysta  often  occurring  in  the  o?ariea  are  of  special  pathologi<!u] 
interest,  and  these  may  hare  essentially  different  contents,  dejiending  upon 
their  variety  and  origin. 

The  serons  cysts  (Hydrops  folliculorum  Graafii),  which  are  formed 
by  a  dilation  of  the  Graafian  follicles,  contain  a  serous  liquid  which  has  a 
specific  gravity  of  1.005-1.022.  A  specific  gravity  of  L020  is  less  frequent* 
Generally  the  specific  gravity  is  lower,  1,005-1.014,  with  10--40  p.  m.  solids. 
As  far  as  is  known,  the  contentB  of  these  cysts  do  not  essentially  differ  from 
other  serous  liquids. 

The  proliferous  cysts  (myxoid  cysts,  colloid  cysts),  which  are 
developed  from  pFLttGER's  epithelium-tubes,  may  have  a  contents  of  a  very 
variable  composition. 

We  sometimes  find  in  small  cysts  a  semi-solid,  transparent,  or  somewhat 
cloudy  or  opalescent  mass  which  appears  like  solidified  glne  or  quivering 
jelly,  and  which  has  been  called  colloid  because  of  its  physical  p^of^ertieB. 
In  other  caseb  ihe  cysts  contain  a  thick,  tough  mass  which  can  he  drawn  out 
into  long  threads,  and  as  this  mass  in  the  different  cysts  is  more  or  less 
diluted  with  serous  liquids  their  contents  may  have  a  variable  consistency. 
In  still  other  cases  the  small  cysts  may  also  contain  a  thin,  watery  Unid. 
The  color  of  the  contents  is  also  variable.  Sometimes  they  are  bluish  white, 
opalescent,  and  again  they  are  yellow,  yellowish  brown,  or  yellowidi  with  a 
shade  of  green.  They  are  often  colored  more  or  less  chocolate- brown  or 
red-brown,  due  to  the  decomposed  blood-coloring  matters.  The  reaction  is 
alkaline  or  nearly  neutral.  The  specific  gravity,  which  may  vary  consider- 
ably, is  generally  1,015-L030,  but  may  occasionally  be  1.005-1,010  or 
1.050-1.055*  The  amount  of  solids  is  very  variable.  In  rare  cases  they 
amount  to  only  10-20  p.  m* ;  ordinarily  they  vary  between  50-70-100  p,  nu 
In  a  few  instances  150-200  p.  m,  solids  have  been  found. 

As  form-elements  we  find  red  and  white  blood -corpvsrles^  grnuular  cells^ 
partly  fat-degenerated  epithelium  and  partly  large  so-called  G  luge's  cor- 
puscles, fijie  granular  masses,  epitheUum-rdh^  cholesterin  crystals^  and 
colloid  corpuscles — large,  circular,  highly  refractive  formations* 

Though  the  contents  of  the  proliferous  cyst  may  have  a  variable  compo- 
sition, sitll  it  may  be  characterized  in  typical  cases  by  its  slimy  or  ropy 


'  8€6  Chapter  VI,  p«ge  15S. 
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consistency;  by  its  gray iah-yellow,  chocolate-brown,  sometimee  whitiab-gfaj 
color;  and  by  its  relatively  bigh  specific  gravity,  1.015-1.025.  Sucb  i 
liqnid  does  not  ordinarily  Bbow  a  Bpontaneous  ilbrin-caagulation. 

We  consider  colloid^  metaibtnnin,  and  paralbumin  as  characteristic  con- 
fititnents  of  these  cysts. 

Colloid.  This  name  does  not  designate  any  particular  chemical  snlh 
stance,  but  is  given  to  the  contents  of  tnmors  with  certain  physical  proper- 
ties similar  to  gelatin  jelly.  Colloid  is  found  as  a  morbid  product  in 
sereral  organs. 

Colloid  is  a  gelatinous  mass,  insoluble  in  water  and  acetic  acid;  it  ia 
dissolved  by  alkalies  and  gives  a  liquid  which  is  not  precipitated  by  acetic 
acid  or  by  acetic  acid  and  potasfliiim  ferrocyanide.  Accortling  to  Pfaknex- 
8TIEL'  sach  a  colloid  is  designated  yCF-pseudomucin.  Sometimes  a  colloid  ii 
found  which,  when  treated  with  a  very  dilute  alkali,  gives  a  solution  similar 
to  a  mucin  solntion.  On  boiling  with  acids  colloid  gives  a  reducing  «nb- 
stance.  It  is  related  to  mucin,  and  it  is  considered  by  certain  investigatora 
as  a  tranaforuied  mucin.  A  colloid  found  by  Wu RTZ '  in  the  lungs  contaiiw 
C  48.0D,  II  1A1\  X  7.00,  and  0  ^1A\%,  Colloids  of  different  origin  seem 
to  be  of  varying  composition. 

MtHalbumin,  Tliis  name  ScnERKit '  gave  to  a  protein  substance  fonnJ 
by  him  in  an  ovarial  fluid.  The  metalbumin  was  considered  by  Soheker 
to  be  an  albuminous  body,  but  it  belongs  to  the  mucin  group,  and  it  ialof 
this  reason  called  pstmdomucin  by  IIammahsten.* 

Pseudomucin.  This  body,  which,  like  mucins,  gi^e^  a  reducing  subsUnce 
when  hoUed  with  acids,  is  a  mucoid  of  the  following  composition:  C  49.T5, 
n  G.98,  K  lO.tJg,  S  1.25,  0  31.74^  (JIammarstek).  With  water  pseado- 
mucin  gives  a  slimy,  ropy  solution,  and  it  is  this  snbatance  wbicli  gi?^  the 
fluid  contents  of  the  ovarial  cysts  their  typical  ropy  property.  Its  solution* 
do  not  coagulate  on  boiling,  but  only  become  milky-opal escent.  I'alike 
mucin  solutions,  pseudomuoin  solutions  are  not  precipitated  by  acetic  acid. 
With  alcohol  tliey  give  a  coarse  flocculent  or  thready  precipitate  which  i* 
soluble  even  after  Imving  been  kept  under  water  or  alcohol  for  a  long  time. 

Paralbumin  is  another  substance  discovered  by  Schekeh,*  and  which 
occurs  in  ovarial  liquids  and  also  in  ascites  fluids  with  the  simnltaneoQS 
presence  of  ovarial  cysts  and  rupture  of  the  same.  It  is  therefore  only  a 
mixture  of  pseudomucin  with  variable  amounts  of  proteid,  and  the  reactioDS 
of  paralbumin  are  correspondingly  variable. 


( 


»  Arch.  f.  Gyuak-.  Bd.  38. 

*  See  Lebert,  Beilr.  zur  K-  b  s  Qallertkrr])stji,  \'in  how*s  Arclj.»  Bd.  4. 

*  Vurb.  il.  pbyaik.-med.  G-  u  Wlkzburir.  Bd,  2,  aud  Bitztujgsber,  der  pbysik.- 
med.  Oesellscb.  in  WUrzhurg  ICir  lwiM-1865  ;  Wurzburg  med.  Zdtachr.,  Bd.  7. 

^Zeitachr.  f.  pliysiol.  Cbem.,  Bd.  6. 
•L.  c.  Verh.,  etc.,  Bd.  2. 
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MiTJiXROFF  ^  has  Isolated  and  inTefltigntcd  a  colloid  from  an  ovfirial  cy%L  It  bnd  Tbo 
followitj^  composiiion:  C  51,76.  H  7  7«,  N.  10,7.  S  1  09,  and  {)'l^M%.  and  dilTeifd 
fiuiii  iiaH:in  and  iiseudomucin  by  rcdudu^,'  Feuling'^  solutiou  before  boiliog  with  ticid, 
it  niiist  be  remiu  ked  thul  }>seurinmi)clu,  ou  boiling  sufliLJently  long  wiUi  alknlL  or  by 
Ihe  tisf  of  II  touceiit rated  solution  of  tauMtie*  idkuli»  alfwj  splits  ami  caust's  a  reduclioD. 
This  redMciIoti  is  uevurihelesij  weak  as  com|iftit"d  with  ilial  iroductd  alter  boiling  w.iU 
an  arid.     The  botiy  iaokted  by  Mitjukoff  i»  called  pammncin. 

The  detection  of  raetalbaoiiii  and  paralbumin  is  naturally  connected 
with  the  detection  of  paeadomncin.  A  typical  ovarial  fluid  containing 
paeudomucin  i^,  as  a  rule,  sufficiently  characterized  by  its  physical  proper- 
ties, and  a  Bpecial  chemical  investigation  is  only  necessary  in  cases  where  a 
serous  fluid  coutiiins  very  small  nmonnts  of  peeudomucin.  We  proceed  in 
the  following  way:  The  proteid  is  removed  by  heating  to  boiling  with  the 
addition  of  acetic  acid;  the  filtrate  la  strongly  concentrated  and  precipitated 
by  alcohoL  The  precipitate  is  carefnlly  washed  with  alcohol,  and  then 
dissolved  in  water*  A  part  of  this  solution  is  digested  with  saliva  at  the 
temperature  of  the  body  and  then  tested  for  glucose  (tftrived  from  glycogen 
or  dextrin).  If  glycogen  is  present,  it  will  be  converted  into  glucose  by  the 
«aliva;  precipitate  again  with  alooliol  and  then  proceed  he  in  the  absence  of 
glycogen.  In  this  last-mentioned  case,  first  add  iicetic  acid  to  the  solution 
of  the  alcohol  precipitate  in  water  so  as  to  precipitate  any  existing  mucin. 
The  precipitate  produced  is  filtered,  the  filtrate  treated  with  'H  IIGl,  and 
warmed  on  the  water-bath  ttntil  the  liquid  is  deep  brown  in  color.  In  the 
presence  of  pseudomucin  this  solution  gives  Trommeh\s  test. 

The  other  protein  bodies  which  have  been  found  in  cystic  fluids  are 
serglobulin  and  seraibumin^  peptone  (f),  mucin^  mucin-pepione  (?),  Fibria 
occurs  only  in  exceptional  cases.  The  quantity  of  mineral  bodies  on  an 
average  amounts  to  about  10  p.  m.  The  amount  of  extractive  bodies 
{chohstcrhi  and  urea)  undfai  ia  ordinarily  ^-4  p,  m*  The  remaining  solids^ 
which  constitute  the  chief  mass,  are  albuminous  bodies  and  pseudomucin. 

The  intraligamentary,  papillary  cysts  contain  a  yellow,  yellowish -green^ 
or  brownish -green  liquid  which  contains  either  no  pseudomucin  or  very 
little.  The  specific  gravity  is  generally  rather  high,  L03'2-1.036,  with 
9t}-10i>  p.  m,  solids.  The  principal  constituents  are  the  albuminous  bodiea 
of  blood-serum. 

Tlie  rare  tubo-ovarial  cyati  contain  as  a  rule  a  watery,  serons  fluid  con- 
taining no  psemlomucin. 

Tlie  parovaria!  cysts  or  the  cysts  of  the  ligamenta  lata  may  attain  a 
considerable  size.  In  general,  and  when  quite  typical,  the  contents  are 
watery*  mostly  very  pale  yellow-colored,  water-clear  or  only  slightly  opalescent 
liquids.  The  specific  gravity  is  low,  1  .(nr>-L009;  and  the  solids  only 
amount  to  1(1-20  p.  m,  Pseudomncirj  does  not  occnr  as  a  typical  constit- 
uent; proteid  is  sometimes  absent,  and  when  it  does  occnr  the  qaantity  is 
very  small.  The  principal  part  of  the  solids  consists  of  salts  and  extractive 
bodies.  In  exceptional  cases  the  flnid  may  be  rich  In  proteid  and  may  show 
a  higher  specific  gravity. 

'  K.  Mitjukoflf,  Arch,  t  Oynakob,  Bd.  4». 


87S 


OMOAIfS  OF  OENBHATION, 


Iq  regard  to  the  qaantitatiTe  composition  of  the  fitiid  from  OTariAlcTi^ 

TTO  refer  the  reader  to  the  work  of  Oerum/ 

E.  LuDWio  and  R.  v,  Zeynek*  have  receu  Uy  iuvestigaled  the  fat  from  dermoid  cjsli. 
Besides  a  little  aracliidic  aeid,  tbey  foiiod  oleic,  stearic,  palmitic,  and  myriatic  &cidi, 
ceiylalcobol,  aod  a  cholcateriD-llke  substauce. 


The  Ovum* 

The  small  ova  of  man  and  maoimals  cannot^  for  evident  reasons,  betbe 
Bubject  of  a  searching  chemical  investigation.  Up  to  the  present  timetht 
eggs  of  birds,  amphibians,  and  iishea  have  been  investigated,  bnt  above  all 
the  hen's  egg.  We  will  here  occupy  ourselves  with  the  constituents  of  thii 
last. 

The  Yolk  of  the  Hen's  Egg,  In  the  Bo-called  white  yolk,  which  htm 
the  getffi  with  a  process  reaching  to  the  centre  of  the  yolk  [laMra)^  and  alia 
forma  a  layer  between  the  yolk  and  yolk-membrune,  we  find  proteid^  nnchin, 
Imthin,  and  potassium  (Lieijermanx  *).  The  occurrence  of  glycogen  ii 
doubtful.  The  yolk -membrane  consists  of  an  alburaoid  similar  in  certain 
respects  to  keratin  (Liebekmanx). 

The  principal  part  of  the  yolk — ^the  nutritive  yolk  or  yellow— is  a 
viscous,  non-transparent,  pale-yellow  or  orange-yellow  alkaline  eraalsiofl 
of  a  mild  taste.  The  yolk  contains  piieUin,  lecithin^  chaUsterin^  fai,  mkf- 
ing  mailers^  traces  of  neuridin  (Brieoer  *),  ^//«ro«e  in  very  small  quantities, 
and  mineral  bodies.  The  occurrence  of  cerehriii  and  of  granules  eimilaf  *« 
starch  (Dareste')  has  not  been  positively  proved. 

Ovovitellin.  This  body  is  general ly  considered  aa  a  globulin,  but  it 
resembles  a  nucleoalbnmin  more.  The  question  as  to  what  relationship 
other  protein  suhstancea  which,  like  the  aleuron. grains  of  certain  seedflan^  ' 
the  yolk  sphervkii  of  the  eggs  of  certain  fishes  and  amphibians,  are  related 
to  ovovitellin,  bear  to  this  substance,  is  a  question  which  requires  further 
investigation. 

The  ovovitellin  which  has  been  prepared  from  the  yolk  of  eggs  is  uota 
pare  albuminous  body,  bnt  always  contains  lecithin.  Hoppe-Sbyler  fonud 
35 Ji^  lecithin  in  vitellin  and  also  some  pseudonuclein.  The  lecitliin  may  bft 
removed  by  boiling  alcohol,  but  the  vitellin  is  changed  thereby,  and  it  ii 
therefore  probable  that  the  lecithin  is  chemically  united  with  the  vitellin 
(HoppB-SEYLEa").     Bunoe'  prepared  a  pseudonuclein  by  digesting  the 


'  Kemiske  Studier  over  Ovaiiecystevoedflker,  etc, 
Mttly'a  Jtthresber.,  Bd.  14.  S.  459. 

*  2^ftschr.  f,  pliyaioL  Cbem..  Bd.  23. 
>Pdttger\s  Arch..  Bd.  43. 

*  Ueber  VummUxa.     Berliu,  1865. 

*  Coriipt.  reud.,  Tome  72, 
•Med.  chem.  Untersuch,,  S.  216. 

'*  Zeitsclir.  f,  pbyBioL  Cbum..  B^h  U. 


Eoebeahavn,  1884,     See  ulidJ 
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yolk  with  gastric  joice,  and  this  pseudonnclein,  according  to  him,  is  of  great 
Importance  in  the  formation  of  the  blood,  and  on  these  grounds  he  called  it 
hwmatogen.  This  ba^matogen — whose  composition  is  as  follows:  C  4tJ,ll, 
H  6.08,  N  14.73,  S  0.55,  P  5.19,  Fe  0.2D,  and  O  31, 05<^— seems  to  be  a 
decomposition  product  of  vitellin* 

Vi  tell  in  is  similar  to  the  globulins  in  that  it  is  insoltible  in  water,  but 
on  the  cootrary  soluble  in  dilute  neutral-salt  solutions  (although  the  solution 
is  not  quite  transparent)*  It  is  also  soluble  in  hydrochloric  acid  of  1  p.  nu 
and  in  very  dilute  solutions  of  alkalies  or  alkali  carbonates.  It  is  precipi- 
tated from  its  salt  solution  by  diluting  with  water,  and  when  allowed  to 
stand  some  time  in  contact  with  water  the  vitellin  is  gradually  changed, 
forming  a  substance  more  like  the  albuminates.  The  coagulation  tempera- 
ture for  the  solution  containing  salt  (NaCl)  lies  between  +  70°  and  75"  0. 
or»  when  heated  very  rapidly,  at  about  +  80**  C.  Vitellin  differs  from  the 
globulins  in  yielding  pseudonucleiu  by  jiepsin  digestion.  It  is  not  always 
completely  precipitated  by  NaCl  in  substance. 

The  chief  points  in  the  preparation  of  ovovitellin  are  as  follows:  The 
yolk  is  thoroughly  agitated  with  ether;  the  residue  is  dissolved  in  a  10^ 
common-salt  solution,  filtereil,  and  the  vitellin  precipitated  by  adding  an 
abundance  of  waten  The  vitellin  is  now  purified  by  repeatedly  redissolving 
in  dilute  common-salt  solutions  and  precipitating  with  water. 

Ichthulin,  which  occurs  In  the  eggs  of  Ihe  carp  nod  oUier  flihea,  ifi»  accordiog  to 
KoBtiEL  amJ  Walter,^  nii  amorphous  niodificaliou  of  the  crystalline  body  ichthtdin, 
which  occurs  iti  lUe  eg^s  of  iht:  ctirp.  Ichthuliii  is  precipiiaiLd  on  diluliiig  with  water. 
It  Ui»etl  to  be  coosidered  as  a  vitelhii.  Acrordiiig  to  Waltku  it  yivlds  a  pseudonucleiu 
on  pcpiic  digestion;  aud  this  pseudoouclein  gives  a  re<luciiig  carbuh>drate  ou  boiling 
Willi  sulphuric  acid.  Iclithiilin  has  tha  ff)Uowiug  composition  :  C  53.42  ;  II  7.63  ; 
N  15.63  :  O  nA9  ;  B  0.41 ;  P  0.43.     It  nlao  contains  iron. 

The  yolk  also  contains,  besides  vitellin,  ajkali-alhmninate  and  albumin, 
Tlmfat  of  the  yolk  of  the  egg  is,  according  to  Liebeumann,  a  mixture 
of  a  solid  and  a  liquid  fat.  The  solid  fat  consists  chiefiy  of  tripaimitin  with 
some  stearin.  On  the  saponification  of  the  egg-oil  Liebermann  obtained 
40^  oleic  acid,  38.04*^  palmitic  acid,  and  15.21^  stearic  acid.  The  fat  of 
the  yolk  of  the  egg  contains  less  carbon  than  other  fats,  which  may  depend 
on  the  presence  of  monoglycerides  and  diglycerides,  or  on  a  quantity  of 
fatty  acid  deiicient  in  carbon  (Liebehmann). 

Lutein,  Yellow  or  orange-red  amorphous  coloring  mutters  occur  in  the 
yellow  of  the  egg  and  in  several  other  places  in  the  animal  organism;  for 
instance,  in  the  blood-aerum  and  serous  fluids,  fatty  tisues,  milk-fat,  corpora 
luiea^  and  in  the  fat-globules  of  the  retina.  These  coloring  matters,  which 
also  occur  in  the  vegetable  kingdom  (Thumchum  ')»  have  been  called  luteinsi 
or  lipodiromes. 


'  Zdtschr  f  physioL  Chem,,  Bd.  15. 

'  CeuiraJbl.  f,  d.  med.  Wiss^iDsch.,  1869.  Na  1. 
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The  Inteins,  which  among  themselves  show  somewhat  different  proper. 

tieSj  are  all  «ohible  in  alcohol,  ©tber,  and  chloroform.     They  differ  frtmiilit  I 

bile-pignient,  bilirnbiti,  in  that  they  are  not  separated  from  their  aolalioti ' 

kn  chloroform  by  wuter  containing  alkali,  and  also  in  that  they  do  notgiTS 

the  characteristic  phiy  of  colors  with  nitric  acid  containing  a  little  nitroQi 

acidj  but  give  a  transient  blue  color,  aad  lastly  they  give  an  absorption- 

apectrnm  of  ordinarily  two  bands,  of  which  one  covers  the  line  F^  andlhi 

other  lies  between  the  lines  i^and  G.     The  hiteine^  withstand  the  actioa 

of  alkalies  so  that  they  are  not  changed  when  we  remove  the  fats  present  by . 

means  of  sap  on  ideation. 

Liiielu  has  uot  been  prepared  pure.  Maly'  lias  found  two  pigments  fret*  from  iron  j 
iu  the  ugga  uf  a  water-spider  {rwfjn  aquimulo) — one  u  red  {viteUonibin)  and  the  other  a  I 
yeWuw  ]i\^mrii\  iMteUolutein],  B<Jtb  of  these*  pigments  are  colored  blue  by  nitric  tn4  I 
^jootainiflg  tiUmus  acid»  and  byaiuifully  green  by  couceotrated  suli)burtc  acid,  Tbt  j 
absorptioa-baadii,  especially  of  the  vitelloiuleia,  correspoud  very  Dearly  wllU  iJioae  of  ] 
^ovoluiein. 

The  minend  bodies  of  the  yolk  of  the  egg  consist,  according  to  PoLKtK,' 
of  51.2-05,7  parts  eoda,  8 D. 3-80.5  potash,  122.1-132.8  lime,  20.7-21,1 
magneaia,  14.5-11.00  iron  oxide,  G38.1-*)ii7.0  phodphoric  acid^  and  5.WiO 
parts  silicic  acid  in  1000  parts  of  the  asli.  We  find  phosphoric  acid  and 
lime  the  most  abundant,  and  then  potash,  wijicb  is  somewhat  greater  ia  \ 
quantity  than  the  soda.  These  results  are  not,  however,  quite  correct,  fl ret, 
t^ecauae  no  dissolved  pliosphate  occurs  in  the  yolk  (Liebermaxx),  tJ^^ 
secondly,  in  bnrning,  phosphoric  and  sulphnric  acids  are  produced  and  these 
drive  away  the  chlorine,  which  is  not  accounted  for  in  the  precediEg 
analyses. 

The  yolk  of  the  hen's  egg  weighs  about  12-18  grms.  The  quantity  of 
Tvater  and  solids  amoants,  according  to  Pahkes,'  to  471.9  p,  m.  aod  528.1 
p.  m,  respectively.  Among  the  Bolids  he  found  15*5.3  p.  m.  proteid,  3.5^i  j 
p.  ni.  soluble  and  0.12  p.  m,  insoluble  aalts.  The  quantity  of  fat,  according! 
to  Parkks,  is  228. 4  p,  m.,  the  lecithin,  calculated  from  the  amount  d\ 
pho&phoroB  in  the  organic  substance  in  the  alcohol-ether  extract,  waa  lOl.tj 
p.  Di. ,  and  the  choleaterin  17.5  p.  m. 

The  white  of  the  egg  ia  a  faint-yellowish  albuminotis  fluid  enclosed  ini 
framework  of  thin  membranes;  and  this  fluid  ia  in  itself  very  liqaid,  bafc 
.eeems  viscons  because  of  the  presence  of  these  fine  membranes.     That  snb 
■stance  which  forma  the  membranes,  and  of  which  the  chnjaza  consists,  aeennj 
to  be  a  body  nearly  related  to  horn  substances  (Ltebermann). 

The  white  of  tlie  egg  has  a  specific  gravity  of  L045  and  always  has  i 
alkaline  reaction,     it  contains  850-880  p.  m.  water,  100-130  p.  ni.  proteidl 
l>odie8,  and  7  p*  m.  salts.     Among  the  extractive  bodies  Lkhmaxk  found  i 


1  MouaLsbefte  f.  Cbem  ,  Bd.  2. 

•  Cited  froui  Gorup  Besauez,  LelirbucU  d.  pbyBioL  CUem..  4.  Aufl., 

*  Hoppe-Bcyler,  Med.  chem.  Uateraucii.,  Heft  2,  S.  ^0. 
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ferruen table  variety  of  sugar  which  anioanted  to  5  p,  m.  or,  according  to 

irEis.sx£U,  SO  p,  m.  of  the  solids.'     Besides  these,  we  find  ie  the  white  of 

the  egg  traces  of  fata,  Bonps,  lecithin ,  aod  cholesterin. 

Tiie  tt'UUe  of  the  ci;g  during  incubution  Iwcnmes  ininspiireDl  on  boiling  and  acU  in 
'nan v  respects  like  alkali-albumHinte.    This  iilbuitjju  Tarchanoff*  called  **  tatalhumiu,*' 

The  albnminoua  bodies  of  tlie  white  of  the  egg  belong  partly  to  the 
globulin  and  partly  to  the  albninin  gronp.  Besides  these,  the  white  of  the 
*?g  contains  a  mucoid   sabstance.     Eichiiolz'  has  described  a  sabstance 

I  belonging  to  the  mucin  groap,  called  ovomucin^  which  occurs  in  the  white 
of  the  B^g  and  which  is  precipitated  from  the  same  on  diluting  with  4  vols. 
Water.  It  may  be  purified  by  dissolving  in  soda  solution  and  precipitating 
With  acetic  acid. 
The  ovoglohuUn  is^  according  to  Dillner,*  closely  related  toaerglobnliti. 
Dn  diluting  the  white  of  the  eg^  with  water  it  partly  separates.  It  ia  also 
precipitated  by  magnesiam  sulphate.  The  fjuantity  of  globulins  in  the 
white  of  the  egg  ia  on  an  aTerage  6.67  p.  in.,  or  about  67  p.  m.  of  the  total 
proteids.  According  to  Cortx  and  Berahii,-  we  have  two  globuFuis  in  tlje 
white  of  the  Bgg^  oue  noagolatiug  at  -\-  57.5^  C,  and  the  other  at  +  (m^  C. 
B  Ovalbumin,  or  the  albumin  of  the  white  of  the  ^gg.  Ovalbumin  was 
ilrst  obtained  in  a  crystalline  form  by  Hofmeister,  by  allowing  its  solution 
in  a  half -saturated  ammoniom-siilphate  solution  to  evaporate  very  slowly. 
This  crvatidline  ovalbumin  is  later  farther  studied  by  (jabhiel,  BoNDZYNsia 

■  mnd  ZojA,  and  the  two  last-mentioned  investigators  were  able,  by  fractional 
crystallization,  to  show  that  ovalbumin  was  probably  a  mixture  of  several 
albnmina  of  about  the  same  elementary  composition  but  with  somewhat 
different  coagulation-tempera tn re,  solubility^  and  specific  rotation.  In  the 
main  these  results  are  in  accord  with  the  views  of  many  other  investigators, 
such  as  Gautier,  BEfHAMP,  CoRiK  and  Berard/  on  the  occurrence  of 
several  albumins,  but  in  details  they  do  not  agree  very  weJL  According  to 
Gactier  and  Becicamp  ovalbumin  ia  a  mixture  of  two  albumins  with  the 
H  eoagnlation- tempera  tare  of  60-63^  and  71-74*^  C.  respectively,  while 
according  to  CoRix  and  Bekard  it  ia  a  mixture  of  three  albumins  with  the 
eoagnlation* temperature  of  07,  7^,  and  82 "^  C,  respectively.  According  to 
BoNnzYXSKi  and  Zoja  the  portion  which  dissolves  with  difficulty  coagulates 
at  64.5^,  while  the  readily  soluble  portion  coagulates  at  55.5-56''  C.     The 

I*  Cited  from  Gc>ni|i-B6suiiez»  Lubrbucb,  4.  Aiifl  ,  S.  739. 
»  PflUger*8  Arcli.,  Bdil.  ai.  S^i  atid  39. 
*  Jouni,  of  Physiol..  Vol.  33, 
*  Lpaala  Laknrefs.  F5ib.,  Bd.  20  ;  also  Maly^fl  Jahresber.,  Bd.  15,  B.  31. 
■  Travaux  du  laboriiiolre  de  rtJQiveraite  de  Li^ge,  Tome  2  ;  also  Maly's  Jnhresbei., 

■  Bd.  18,  S   18. 
•  Ilofmeisler.  Zeltflchr.  f.  pbyslol.  Cbem..  Bdd.  14,   16.  and  24;  Oftbrlel,  ^wL,  Bd. 
15;  B<^)iidzyu>ki  and  Zojn,  ibid.,  Bd.  19;  Gautier,  Bull,  aoc.  cbim.,  Tome  14 ;  Bechamp, 
•dwL,  Tome  21;  Coriii  und  Berard,  1  c» 
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elementary  composition  of  ovalbnmin  has  not  been  positivelj  ©atablifihri. 
BoNDZYNSKi  and  ZoJA  found  C  52.07-52.44,  H  6.95-7.26,  N  1541-15.58,  | 
and  S  1.61-1,70^  for  four  different  fractionSj  which  agree  well  with  thft| 
reaiiltB  of  Hammaesten,  namely,  C  52.25,  11  COO,  N  15.20,  S  L67-L9:W. 
HoFMEisTER,  on  the  coQtrarj,  has  never  observed  the  occnrrence  of  wvenl 
crystalline  alburai  11 B  with  different  soUihllities,  and  he  is  of  the  view  that  the 
crystalline  ovaibnmin  prepared  by  Boxdzynskt  and  Zoja  was   not  qnite 
pure.     Corresponding  to  this  he  has  found  a  lower  amount  of  sulphnr^ 
average   1.18j^,    for    crystalline    ovalbumia.      The    crystalline   oTalbntniQ 
analyzed  by  Hofmeister,'  which  had   the  composition  C  53.28,  H  7/26, 
N  15.0,  S  1.18,  and  0  23.38,  seems,  however,  to  be  a  glycoproteid,  becanw] 
it  readily  splits  off  a  carbohydrate  group  by  acids.     According  to  Hof* 
MEisTER*s  calculation  the  quantity  of  carbohydrate  is  15j^.     pAK<»rtMr»w' 
has  prepared  a  crystalline  ovalbumin  which  showed  a  specific  rotatory  power 
of   ^(D)  =  23.0"'   after   five   recrystallizations.     Other   investigators  haw 
arrived  at  different  figures.     Bokdzyxski  and   Zoja    found  25.S-*2tJ,'2\ 
29.16°,   34.18%   and   42.51^   for   various   fractions.     Ovalbumin  has  the 
properties  of  the  albumins  in  general,  but  differs  from  seralbamia  in  the 
following:  Its  specific  rotation  is  lower.     It  is  quickly  rendered  insolnble 
by  alcohoL     It  is  precipitated  by  a  sufficient  quantity  of  hydrochloric  acid, 
but  dissolves  with  greater  ditTiculty  than  eeniibomin  in  an   excess  of  the 
acid.     Ovalbumin  in  solutiou,  when  introduceJ  into  the  blool-circolation, 
pases  into  the  nrine,  which  is  not  the  case  with  seralbumin. 

Ovalbumin,  or,  more  correctly,  the  mixture  of  albumins,  may  be 
obtained^  according  to  Stakke/  by  precipitating  the  globulins  by  MgSO, 
at  20""  C.  and  saturating  the  filtrate  with  Na^S( );  at  the  same  temperature. 
The  ovalbumin  which  separates  is  filtererl,  pressed,  dissolved  in  water,  and 
freed  from  salts  by  dialysis*  The  dialyzed  solution  is  then  evaporated  in  * 
vacuum  or  at  40-50°  C.  It  precipitated  with  alcohol,  albumin  become* 
quickly  insoluble. 

To  prepare  crystallized  ovalbumin  mix  the  white  of   egg^  prenonslj  , 
beaten  and  separated  from  the  foam,  with  an  equal  volume  of  a  satnratevij 
solution  of  ammonium  sulphate,  filter  off  tlie  globulin,  and  allow  the  filtraU 
to  evaporate  slowly  in  not  too  thin  layers  at  the  temperature  of  the  room^l 
The  mass,  which  separates  after  a  time,  is  dissolved  in  water,  treated  with 
ammonium    sulphate   solution   until   a    cloudiness   commences,    and   then 
allowed  to  stand.    After  repeated  recrystallizations  the  mass  is  treated  either 
with  alcohol,  which  makes  the  crystals  insoluble,  or  they  are  dissolved  ittj 
water  and  purified  by  dialysis.     The  albumin  does  not  crystalline  from  thii| 
solution  on  spontaneous  evaporation.     (See  also  page  131,  Hopkikj*  and 
PiNKUs*  method.) 

Ovomucoid.     This  sabstance,  first  observed  by  Neumeibter  and  coniid* 


<  Hofmeisler,  Zetiacbr.  f.  pbysioL  Chera.,  Bd.  24.  S.  lOfi. 
«  See  Mttly's.  Jahresber  .  Bd.  26.  8.  15. 
>  See  Haly's  Jaliresber.,  Bil.  11,  3.  17. 
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^red  by  him  afi  a  paeodo*peptone  and  then  later  stndied  by  Salkowski,  is, 

according  to  C.  Th.  Morn^r,*  a  niDCoid  with  12JJ5^  nitrogen  and  2.20j< 
8alphar.  On  boiling  with  dilate  mineral  acids  it  yields  a  reducing  sub- 
stance. Ovonincoid  exists  to  a  great  extent  in  bens'  eg^^  the  solids  of 
which,  in  round  numbers,  contain  10*^. 

A  solntion  of  ovomncoid  is  not  precipitated  by  mineral  acids  nor  by 
organic  acids,  with  the  exception  of  pbosphotangatic  acid  and  tannic  aciu. 
It  is  not  precipitated  by  metallic  stdts,  but  basic  lead  acetate  and  ammonia 
give  a  precipitate*  Ovomncid  is  precipitated  by  alcohol,  but  aodiom 
chloride,  sodinm  sulphate,  and  magnesium  sulphate  gi"^^  no  precipitates 
either  at  the  ordinary  temperature  nor  when  added  to  saturation  at  *MT  C. 
Its  BolatioQs  are  not  precipitated  by  an  equal  volnme  of  a  saturated  solution 
of  ammonium  sulphate,  but  are  precipitated  on  abiding  more  salt  thereto. 
The  fiubstance  is  not  precipitated  on  boiling,  but  the  part  which  has  become 
ioaolnble  in  cold  water  and  then  dried  is  precipitated  when  dissolved  in 
boiling  water.  Zanetti  '  has  prepared  a  glncosamin  on  splitting  ovomucoid 
with  concentrated  hydrochloric  acid.  Bebmann  has  also  recently  prepared 
a  glncosamin  from  ovomucoid  (and  as  it  seems  also  from  ovalbumin). 

Ovomucoid  may  be  prepared  by  removing  all  the  proteids  by  boiling  with 
the  addition  of  acetic  acid,  and  then  concentrating  the  filtrate  and  precipi- 
tating with  alcohol.  The  substance  is  purified  by  repeated  solution  in  water 
and  precipitating  with  alcohol. 

The  mineral  bodies  of  the  white  of  the  egg  have  been  analyzed  by 
PoLECK  and  Weber.'  They  found  in  1000  parts  of  the  ash:  27f5.6-284.5 
grms.  potash,  235.C-329.3  soda,  17.4-29  lime,  lG-31.7  magnesia,  4.4-5.5 
iron  oxide,  238.4-285,6  chlorine,  31,6-48.3  phosphoric  acid  (P,OJ, 
13,2-26,3  sulphuric  acid,  2.8-20.4  silicic  acid,  and  96. 7-1 16  grms.  carbon 
dioxide.  Traces  of  fluorine  have  also  been  found  (Nickles  ').  The  aah  of 
the  white  of  the  egg  contains,  as  compared  with  the  yolk,  a  greater  amount 
of  chlorine  and  alkalies,  and  a  smaller  amount  of  lime,  phosphoric  acid,  and 
iron. 

The  Shell-membrane  and  the  Egg-shell.  The  shell -membrane  consists, 
as  above  stated  (page  51),  of  a  keratin  substance.  The  shell  contains  very 
little  organic  substance,  36-65  p.  m.  The  chief  mass,  more  than  900 
p.  m,,  consists  of  calcium  carbonate;  besides  this  there  are  very  small 
amounts  of  magnesium  carbonate  and  earthy  phosphates. 


i  R  Ncumeiatar,  Zeitsclir.  f.  Biologie.  Bd.  27,  S.  369  ;  Salkowaki.  CentralbL  f.  d. 
mcd.  WisaenBCh.,  19^8.  S.  513  and  706  ;  C   M5rncT.  Zeitachr.  f.  pbyaiol  Chem.,  Hd.  18. 

•  See  Chem.  Cealralbl.,,  1898,  Bd.  1,  S.  024 ;  Seemiym»  Archiv  t  Verdauimgikraak' 
belt  von  Boos,  1893.  Bd.  4. 

•Cited  from  Hoppe-Seyler,  FBysiol.  Chem,,  S.  778. 

*  Cotupt.  r©nd.»  Tome  43, 
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The  diverse  coloring  of  birds*  e^ga  is  due  to  several  different  coloHng  roili«L 
Amonp  ihe.se  we  find  ii  red  or  reddish-brown  pjginetii  calb'd  '^oorodein'*  by  S^rbt,' 
wbk'U  is  purhaps  identical  wiili  lu^matopni  piiyriii.  The  green  or  blue  coloring  uwittr, 
8ohby'b  ooeyan,  geen^s.  nreurdiug  to  Likbkhma^n,'  aod  Krukbnbkro'  to  be  pinljr 
bUiverdim  and  [lurtly  tv  blue  (Privative  of  Iht  fdte-pfffnu  fUt(,  1 

The  eggs  of  birds  have  a  epace  at  their  blunt  ond  filled  with  gas;  thi 
gas  contains  on  an  average  18.0-lD,'.i^  oxygen  (Hufnee*). 

The  weight  of  a  hen's  e^g  varies  he  twee  Q  4(M}0  grannmes  and  mij 
some  times  weigh  TO  grms*  The  shell  and  Bhell-niembrane  together,  vhen 
carefully  cleaned,  but  still  in  the  moist  state,  weigh  5-S  grtns.  Thejolk 
weighs  12-18  and  the  white  2^^-34  grms.,  or  abont  double. 

The  white  of  the  egg  of  curtilagiuoua  and  Imuy  fishes  contains  only  iraccii  of  unje 
albumio,  and  the  cover  of  the  frog's  egg  consists,  accordiog  lo  Giacosa,*  M  mucin. 
The  crystalline  formations  {polk-Mphirulsa  or  dotterpldUchin)  which  have  Jieen  ohsetvelin 
the  egg  of  the  tortoise,  frog,  my.  shark,  and  oiliur  fishes,  and  which  are  dcscribd  by 
Valenciennes  and  Fremy*  tiuder  \\w  ntinTcs  (mydin,  tehihin,  khthidin,  aud  Mh\iiin, 
seem^  as  abo%'e  staled  in  cunoectiim  wilh  Ichthulin.  to  consist  chiefly  of  phosphoglycM* 
protelda.  The  egg  of  the  river-crab  and  the  lolister  contain  the  same  pi(;meiit  as  Un 
shdl  of  the  animal  This  pigmeivt*  called  cyanocryttUtlUti ,  becumes  red  on  boillog  hi 
water. 

In  fossil  ejfgs  (of  aptenodvtks,  pelecanus,  and  HALL.«rs)  in  old  guuno  deposits,  i 
yellowish-white,  silky,  laininaled  combiralinn  has  been  found  which  is  called  j^fwn^wW, 
(NH*),^*!*  -\-  3R,SO|  -h  BKHSO*  +  4il,0,  and  which  is  easily  srduble  in  water,  balii 
iuBokiblc  111  alcohol  and  ether. 

Those  eggs  which  develop  outside  of  the  mother-organ  ism  must  contaia 
all  the  elements  necesaary  for  the  yoang  animals.     One  finds,  thereforejn 
the  yolk  and  white  of  the  ^g^  an  abundant  quantity  ol  albuminous  bodi^ 
of  different   kinds,  and    especially   a  phosphonzed    proteid   in  the  yolk.   I 
Further,  we  also  find  lecithin  in  the  yolk,  which  seems  habitually  to  occur 
in  the  developing  celh     The  occurrence  of  glycogen  is  doubtful,  and  the 
carbohydrates  are  perhaps  represented  by  a  very  small  amount  of  sugar  ifli 
glycoproteids.     On  the  contrary,  the  egg  contains  a  large  proportion  of  h^  , 
which  doubtless  is  an  important  source  of  natrition  and  respiration  fortlicj 
embryo.     The  cholesterin  and  the  lutein  can  hardly  have  a  direct  influence | 
on  the  development  of  the  embryo.     The  egg  also  seems  to  contain  th* 
mineral  bodies  necessary  for  the  development  of  the  young  animal.    Tb« 
lack  of  phosphoric  acid  is  compensated  by  an  abandant  amount  of  phoe*  1 
phorized  organic  substance,  and  the  nucleoalbumin  containing  iron,  from 
which  the  hseniatogen   (see  page  377)   is  formed,  is  doubtless,  as  BusoS 
claims,  of  great  importance  in  the  formation  of  the  hfemoglobiu  contaiuinj 
iron.     The  silicic  acid  necessary  for  the  development  of  the  feathers  is  also  | 
found  in  the  %^g. 


*  Cited  from  Krnkenberg,  Vcrh.  d.  phys^-chcm.  Gesellsch.  in  WUnr^burg,  Bd.  17- 
'  Ber,  d.  deiitsch.  chem.  Gesellsch.,  Bd,  11. 

*  L.  c, 

*  Du  Bois-ReymoDd's  Ardi.,  1891 

*  Zeilficlir.  f.  physlol.  Chem.,  Bd.  7. 

*  Cited  from  Hopp«.Seyler's  PJiyuloL  Chem.,  8*  77. 
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Daring  the  period  of  incnbation  the  egg  loaea  weight,  chiefly  due  to  loaa 
of  water.  The  quantity  of  solids,  especially  the  fat  and  the  proteids^ 
diminishes  and  the  egg  gives  of!  not  only  carbon  dioxide,  hat  also^  as 
LiEUERMAXN  '  has  showf],  nitrogen  or  a  nitrogenous  gabBtance,  The  loea 
in  compensated  by  the  absorption  of  oxygen,  and  it  is  found  that  during 
incubation  a  respiratory  exchange  of  gas  takes  place.  While  the  rjaantity 
of  dry  substance  in  the  egg  during  this  period  always  decreases,  the  quantity 
of  mineral  bodies^  proteid,  and  fat  always  increases  in  the  embryo.  The 
increase  in  the  amount  of  fat  in  the  embryo  depends,  according  to  Libber- 
MANN,  in  great  part  upon  a  taking  up  of  the  nutritive  yolk  in  the  abdominal 
cavity.  The  weight  of  the  shell  and  the  quantity  of  lime-salts  contained 
therein  remains  unchanged  during  incubation.  The  yolk  and  white 
together  contain  the  necessary  quantity  of  lime  for  development. 

The  most  complete  and  careful  chemical  investigation  on  the  develop- 
ment of  the  embryo  of  the  heu  has  been  made  by  Liehermann.  From  hia 
researches  we  may  quote  the  following:  In  the  earlier  stages  of  tiie  develop- 
ment, tissues  very  rich  in  water  are  formed,  but  on  the  eontiuuation  of  the 
development  the  quantity  of  water  decreases.  Tlie  absolute  quantities  of  the 
bodies  solnble  in  water  increase  with  the  development,  while  their  relative 
quantities,  as  compared  with  the  other  solids,  continually  decrease.  The 
quantities  of  the  bodies  soluble  in  alcohol  quickly  increase.  A  specially  im- 
portant increase  is  noticed  in  the  fat,  whose  quantity  is  not  very  great  even 
on  the  fourteenth  day,  but  after  that  it  becomes  considerable.  The  quantities 
of  albuminous  bodies  and  albominoids  insoluble  in  water  grow  continually 
and  regularly  in  sncb  a  way  that  their  absolute  quantity  increases,  while 
their  relative  quantity  remains  nearly  unchanged.  Lierkrmaxn  found  na 
gelatin  in  the  embryo  of  the  hen.  The  embryo  does  not  contain  any 
gelatin-forming  substance  until  the  tenth  day,  and  from  the  fourteenth  day 
on  it  contains  a  body  which  when  boiled  with  water  gives  a  substance  similar 
to  chondrin.  A  body  similar  to  mucin  occurs  in  t!ie  embryo  when  about 
six  days  old,  but  then  disappears.  The  quantity  of  ba^rnoglobiu  shows  a 
continual  increase  compared  with  the  weight  of  the  body.  Lieiiermanx 
found  that  the  relationship  of  the  haemoglobin  to  the  bodily  weight  wae 
1  :  7*28  on  the  eleventh  day  and  1  :  421  on  the  twenty-first  day. 

The  imnc  of  tlie  placenta  Ijils  not  ibus  far  hvtiu  the  sul>jet'i  of  tittaileU  cliemicul 
luvesti^ation.  Id  ilic  edges  of  ib<*  p'iiceaiaof  biiches  and  of  CftUiii  fry*liillizable  omuge^ 
iolnrL'd  pigmehL  (bilirubiDM  htih  been  f«>uud,  fiuil  nlno  h  gre<'n  Htrmrplioua  pignii'Dt- 
JIeckel's  ha^matochiorit* ,  wbich  is  consideretl  n%  biltverdin  by  Etti.*  PaJiYEK  ■  ques- 
tion^ tbe  kl entity  of  tbcse  plgnieiita  with  billverdin. 

From  tbe  cntyledoos  of  ibe  pbieentafu  ruminanlsa  wbfle  or  fHlnl  rose-colored  creumy 
I!u!r1,  the  xiterinf  mUk%  can  be  obtafacd  by  preasure.  It  m  alknline  in  reaction,  bul 
becomes  acid  quickly.     Ite  s|>ecif]c  gravity  is  1.0;}a-1.040.     It  caataius  aa  form-eleniealJL 


'  PflUgerB  Ardh,  Bd.  43. 

>  5Ittly*8  Jabresbcr.,  B*!.  2.  8.  287, 

*  Die  Blutkrystallc  (Jena.  1871),  S.  189. 
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fat-globules,  small  granules,  and  epithelium-cells.  We  hare  found  81.2-130.9  p.m. 
«olia8»  61.2-105.6  p.  m.  proteid,  about  10  p.  m.  fat,  and  8.7-^.2  p.  m.  ash  in  the  uterine 
milk. 

The  fluid  occurring  in  the  so-called  orapb-molb  {mola  racemosa)  has  a  low  spedflc 
gravity,  1.009-1.012,  and  contains  19.4-26.8  p.  m.  solids  with  9-10  p.  m.  protein  bodies 
and  6-7  p.  m.  ash. 

The  amniotio  fluid  in  women  is  thin,  whitish,  or  pale  yellow;  sometimN 
it  is  somewhat  yellowish  brown  and  cloadj.  White  flakes  separate.  The 
form-elements  are  mucus-corpuscles^  epithelium-cells^  fat-drops^  and  lam^ 
hair.  The  odor  is  stale,  the  reaction  neutral  or  faintly  alkaline.  The 
fipecific  gravity  is  1.002-1.028. 

The  amniotic  fluid  contains  the  constituents  of  ordinary  transudations. 
The  amount  of  solids  at  birth  is  hardly  20  p.  m.  In  the  earlier  stages  of 
pregnancy  the  fluid  contains  more  solids,  especially  proteids.  AmoDg  the 
albuminous  bodies  Weyl  '  found  one  substance  similar  to  vitelline  and  with 
great  probability  also  seralbumin^  besides  small  quantities  of  mucin. 
Sugar  is  regularly  found  in  the  amniotic  fluid  of  cows,  but  not  in  hunio 
beings.  On  the  contrary,  the  human  amniotic  fluid  contains  some  vfw 
and  allantoin.  The  quantity  of  these  may  be  increased  in  hydramnion 
(Pkochownick,"  Harnack'),  which  depends  on  an  increased  secretion  bj 
the  kidneys  and  skin  of  the  foetus.  Creatin  and  lactates  are  doabtful 
constituents  of  the  amniotic  fluid.  The  quantity  of  urea  in  the  amniotic 
fluid  is,  according  to  Prochownick,  0.16  p.  m.  In  the  fluid  in  hydram- 
nion, Procuownigk  and  IIarkack  found  respectively  0.34  and  0.48  p.  m. 
urea.  The  chief  mass  of  the  solids  consists  of  salts.  The  qaantity  of 
chlorides  (NaCl)  is  5.7-6.6  p.  m. 

>  Du  Bois-Reymond's  and  Reichert's  Arch.,  1876. 

*  Arch.  f.  Gynftk.,  Bd.  11 ;  also  Maly's  Jahresber.,  Bd.  7,  S.  156. 

*  Berlin  klin.  Wochenschr.,  1888,  No.  41. 
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The  ehemical  constituents  of  the  manmmry  glands  have  been  little 
stndied.  The  cella  are  rich  in  proteid  and  nucleoproteida.  Among  the 
latter  we  have  one  that  yields  a  not  well  atadied  reducing  Babetance  on 
boiling  with  ddate  mineral  acids  which  gives  the  pentose  reactions.  The 
relation  this  imcleoproteid  bears  to  lactose  or  the  motber-substaDce  of  the 
same  has  not  been  determined.  According  to  Bert'  the  secreting  glandg 
contain  a  body  which  on  boiling  with  dilute  mineral  acids  yields  a  reducing 
substance*  Such  a  substance,  which  acts  as  a  step  towards  the  formation  of 
lactose,  has  also  been  observed  by  Thierfelder.'  Fat  seems  to  be  a  never- 
failing  constituent  of  the  cell»  at  least  in  the  secreting  gland,  and  this  fat 
may  be  observed  in  the  protoplasm  as  large  or  small  globules  similar  to 
milk-globules.  The  extractive  bodies  of  the  mammary  glands  have  been 
little  investigated,  bnt  among  them  we  find  considerable  amounts  of  xanthin 
bodies. 

As  human  milk  and  the  milk  of  animals  are  essentially  of  the  same  con- 
stitution, it  seems  beat  to  speak  first  of  the  one  most  thoroughly  inves- 
tigated, namely,  cow's  milk,  and  then  of  the  essential  properties  of  the 
remaining  important  kinds  of  milk. 

Cow's  Milk. 

Cow's  milk,  like  every  other  kirjd,  forms  an  emulsion  which  consists  of 
very  finely  divided  fat  suspended  in  a  solution  consisting  chiefly  of  proteid 
bodies,  milk-sugar,  and  salta.  Milk  is  non-transparent,  white,  whitish 
yellow,  or  in  thin  layers  somewhat  blnish  white,  of  a  faint,  insipid  odor  and 
mild,  faintly  sweetish  taste.  The  specific  gravity  is  1.028  to  1.0345  at 
+  15"  0. 

The  reaction  of  perfectly  fresh  milk  is  generally  amphoteric.  The 
extent  of  the  acid  and  alkaline  part  of  this  amphoteric  reaction  has  been 
determined  by  different  investigators,  especialJy  Thorner,  Sebelien,  and 
CouRAXT.*    The  results  vary  with  the  indicators  useil,  and  moreover  the 


»  Compt.  retid,.  Tome  98. 

»  PflUger'8  Arcli..  BiL  82,  and  Maly's  Jahresber..  Bd.  18,  S.  IW. 

«  ThOrner.  Mal/s  Jahreiber.,  Bd.  23 ;  Sebelela.  ibid.;  Couraat,  Pflager*s  Arch.,  Bd. 
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milk  from  difer^nt  animalsy  as  well  as  that  from  the  same  auimal  at  diSe^ 
ent  times  dnring  the  lactatioa  period,  varies  somewhat*     CorRAKThul 

determined  the  alkaline  part  by  ^  snlphnric  acid,  using  bine  la€moiilii| 

N 

indicator,  and  the  acid  part  by  t-:  caustic  sod&y  using  phenolphthalein  idia» 

dicator*     He  found,  as  average  for  the  first  and  last  portions  of  the  milking  I 
of  twenty  cows,  that  100  c.c.  milk  had  the  same  akaline  reaction  forblQil 

N 

lacmoid  as  41  c.c.   -^  canstic  soda,  and  the  same  acid  reaction  for  pbt- 

Bolphthalein  aa  19.5  c.c,  --  etilphnrie  acid. 

Milk  gradnaliy  changes  when  exposed  to  the  air,  and  ita  reactioa 
becomes  more  and  more  acid.  Thia  depends  on  a  gradual  transformation 
of  the  milk-Biigar  into  lactic  acid,  caused  by  micro-organism  a. 

Entirely  fresh  amphoteric  milk  does  not  coagulate  on  boiling,  batfonni 
a  skin  consisting  of  coagulated  casein  and  lime-salts,  which  rapidly  re-fonni 
after  being  removed,  E^eu  after  passing  a  current  of  carbon  dioiide 
through  the  fresh  milk  it  does  not  coagulate  on  boiling.  In  proportion  M 
the  formation  of  lactic  acid  advances  this  behavior  changes,  and  bood  a 
stage  is  reached  wljen  the  milk,  which  has  previously  had  carbon  dioiiiie 
passed  throngh  it,  coagulates  on  boiling.  At  a  second  stage  it  coagukttt  , 
alone  on  heating;  then  it  coagulates  by  passing  carbon  dioxide  alone  iritb- 
out  boiling;  and  lastly,  when  the  formatiou  of  lactic  acid  is  suflicient,  it  ^ 
coagulates  spontaneously  at  the  ordinary  temperature,  forming  a  sohd  i 
It  may  also  happen,  especially  in  the  warmth,  that  the  casein-clot  contracts 
and  a  yellowish  or  yellowish -green  acid  Jiqaid  (acid  whey)  separates. 

Milk  may  undergo  varkius  fermenlatioDs.     Laclic-acid  ferraeutalioD,  brought  i 
by  HiJpPB'8  laciic-aeki  bticillus,  imii  also  oiber  varieties  lakus  first  plaee.     Id  ibe  ! 
taueoiifi  souring  of  milk  we  generally  consider  tbe  rormatlon  of  lactic  acid  as  I 
etseuUal  product.     Salkowski  aod  Blumkkthal*  claim  ihat  a  formation  of  i 
acid  may  also  take  place,  and  iu  certain  baclerial  decomposltioQs  of  milk  they  cla 
cinic  acid  aud  do  lactic  acid  la  formed.     The  malerials  from  wblcb  tbese  two  acids t 
fonneil  are  lacto»^e  uud  laclophoKphocarDlc  acid.      Besides  lactic  niid  succlQic  wAi 
volatile  faliy  acids,  sucb  aa  acetic  acid,  butyric  acid,  and  others,  may  be  formed  lot 
baclerial  decomposition  of  milk. 

Milk  sometimes  undergoes  a  peculiar  kind  of  coagidatlon,  being  convert<^  loio  i 
thick.  ropy»  slimy  %t\^s:B  (thick  milk).  This  conversion  depends  upon  a  peculiar  chniigi 
In  which  the  milk-sugar  is  made  to  undergo  a  slimy  transformation.  This  inuisfon 
tlon  is  caused  by  &  special  organized  ferment.' 

If  the  milk  is  sterilized  by  heating  and  contact  with  micro-organij 
presented,   the  formation  of  lactic  acid  may  be  entirely   stopped. 
formation  of  acid  may  also  be  prevented,  at  least  for  some  time,  by  nia&j 


»  Virchow'a  Arch.,  Bdd.  137  and  146. 

*  Bee  8chmidt-Malhelmp  PHQger's  Arch,,  Bd.  27,  and  G,  Leichmaan*  Maly*s  Jahxrs- 
ber.,  Bd<  U,  8.  244. 
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antiseptics,  snch  as  galicylic  acid  (1  :  5000),  thymol,  boracic  acid,  and  other 
bodies. 

If  fredily  drawn  ampliotoric  milk  is  treated  witli  rennet,  it  coajjolates 
qnickly,  especially  at  the  temperature  of  the  body,  to  a  solid  mass  (curd) 
from  which  a  yellowish  fluid  (sweet  whey)  is  gradoally  pressed  out.  This 
coagnlation  occurs  without  any  change  in  the  reaction  of  the  milk,  and 
therefore  it  is  disticct  from  the  acid  coagiilatioD, 

Iq  cow's  milk  we  find  as  form-eleraents  a  few  coloBtrnm  eorpnscles  (see 
Col  OS  tram)  and  a  few  pale  nucleated  cells.  The  number  of  these  form- 
elements  is  very  small  compared  with  the  immense  amount  of  the  most 
essential  form-constituents,  the  milk-globules. 

The  Milk-glob ules«  These  consist  of  extremely  small  drops  of  fat  whose 
nnmber  is,  according  to  Woll,'  1.06-5,75  million  in  1  c.mm.,  and  whose 
diameter  is  0,00*44-0,0046  mm.  and  0,0037  mm.  as  average  for  different 
» kinds  of  animals.  It  is  onqnestionble  that  the  milk-globules  contain  fat, 
and  we  consider  it  as  positive  that  all  the  milk-fat  exists  in  them.  Another 
and  disputed  question  is  whether  the  milk-globules  consist  entirely  of  fat  or 
whether  tliey  also  contain  proteid. 

According  to  the  observations  of  Ascherson,'  drops  of  fat,  when 
dropped  in  an  alkaline  proteid  solution,  are  covered  with  a  fine  albuminous 
coat,  a  so-called  hap(ogen*memhran€.  As  milk  on  shaking  with  ether  does 
not  give  up  its  fat,  or  only  very  slowly^  in  the  presence  of  a  great  eicesa  of 
ether,  and  as  this  takes  place  very  readily  after  the  addition  of  acids  or 
alkalies,  which  dissolve  proteids,  it  was  formerly  thought  that  the  fat- 
globules  of  the  milk  were  enveloped  in  a  proteid  coat,  A  true  membrane 
has  not  been  detected;  and  since,  when  no  means  of  dissolving  the  proteid 
is  resorted  to— -for  example,  when  the  milk  is  precipitated  by  carbon  dioxide 
after  the  atklition  of  very  little  acetic  acid,  or  when  it  is  coagulated  Ly 
rennet — the  fat  can  be  very  easily  extracted  by  ether,  the  theory  of  a  8pe<-*ifll 
albuminous  membrane  for  the  fat-globules  lias  been  generally  abandoned. 
The  observations  of  Quincke*  on  the  behavior  of  the  fat^globules  iu  an 
emulsion  prepared  with  gum  have  led,  at  the  present  time,  to  the  conclusion 
that  each  fat-globule  in  the  milk  is  surrounded  by  a  stratum  of  casein  solu. 
tion  by  means  of  molecular  attraction,  and  this  prevents  the  globules  from 
uniting  with  each  other.  Everything  that  changes  the  physical  property  of 
the  casein  in  the  milk  or  precipitates  it  must  necessarily  help  the  solution 
of  the  fat  in  ether,  and  it  is  in  this  way  that  the  alkalies,  acids,  and  rennet 
work. 


t  Oa  llie  CoDditions  influeDciug  the  Number  and  Size  of  Fat- globules  in  Cow'0  Milk. 
Wiscoaain  Expt.  Station,  Vol  6,  18S2. 
»  Arch,  f.  Aaat.  u.  Pbysial,  1840. 
•Pflilger's  Arch.,  Bd.  19. 
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Storcu  has  shown,  in  opposition  to  theae  Tiews,  that  the  milk-globolieil 
are  gorroaoded  by  a  tiiembnirie  of  a  special  Blimy  substance.  This  sabsUoct 
is  very  insolnble,  contains  14/2-14.79<^  Eitrogen*  and  yields  a  sugar,  <vr  it 
least  a  reducing  substance^  on  boiling  with  hydrochloric  acid.  It  is  neiUitr 
casein  nor  lactalbomin^  but  seems  to  all  appearances  to  be  identical  witli 
the  Eo-calletl  '*  stroma  substance  "  detected  by  Radenhausek  and  Paxi-j 
LEWSKY.  Stoiich  was  able  to  sliow  that  this  substance  enveloped  the  J 
globules  like  a  membrane  by  staining  the  same  with  certain  dyee.' 

The  milk-fai  has  a  rather  variable  specitic  gravity,  which  according  to ^ 
BoeR'  is  0.t>49-«}.U9B  at  -j-  15'^  C.  The  milk-fat,  which  is  obtained  ander 
the  name  of  butter,  coasists  in  great  part  of  the  neutral  fats  ^a/mi/tit,  M% 
and  stearin.  Besides  these  it  contains,  as  triglycerides,  mi/ristic  arirf,  small 
quantities  of  bttti/ric  acid  and  laproic  acid^  traces  of  cajrrylic  acid,  cnpric 
acidsy  lauric  acid^  and  arachidic  acids.  Butter  which  has  been  exposed  to 
the  action  of  sunlight  contains  also  formic  acid  {Duclaux).  Milk-fat  alac^ 
contains  a  small  f|tiftntity  of  kcithin  and  cholesterin,  also  a  yellow  coloring 
maiier.  The  quantity  of  volatile  fatty  acids  in  butter  is,  accordiog  to 
DucLATX,"  on  an  average  about  70  p,  m.,  of  which  37-51  p.  m.  is  batyfic 
acid  and  20-33  p,  m.  is  caproic  acid.  The  non-volatile  fat  consists  of  f^ 
olein,  and  the  remainder  of  a  mixture  of  palmitin  and  stearin/ 

The  milk-plasma,  or  that  fluid  in  which  the  fat-globules  are  snspendedt 
contains  several  albnniinous  bodies,  casci?i^  hicioglobffh'n^  and  lactnlktmn^ 
and  a  little  opalisin  (see  Htiman  Milk),  and  two  carbohydrates,  of  which 
only  one,  the  viilk'Siigar^  is  of  great  importance.  The  milk-plasms  il« 
contains  extractive  bodies,  traces  of  ureity  creating  vreatinin^  hypoxanthni^^ 
tedthifiy  chohsterin^  citric  acid  (Soxhlet  and  Henkel),'  and  lastly  sIm 
mineral  bodies  and  gases. 

Casein.  This  protein  substance,  which  thus  far  has  been  detected  p(^- 
tively  only  in  milk,  belongs  to  the  nucleoalbumins,  and  differs  from  the 
albnminates  chiefly  by  its  containing  phosphorus  and  by  its  behavior  with 
the  rennet  enz^  me.  Casein  from  cow^s  milk  has  the  following  compoeitioni 
C  53.0,  H  7,0,  N  15.7,  S  0.8,  P  0.85,  and  0  22.e5^.  Its  specific  rotation 
is,  according  to  IIoppe-Seyler,*  somewhat  variable;  in  neutral  solation  it 
is  a(D)  —  —  SO"'*    The  question  whether  the  casein  from  different  kindf 


1  V.   Storcli,   sec*   Maly's  Jalireabcr.,  Bd.  27;   RndeubttUfieu  ami  Dauitewiky,  Fot- 
Bchurigen  nuf  dem  Gebietc  der  Viehhaltung  (Bremen,  1880),  Deft  %, 
«  Mdy'a  Jahreabcr.,  Bd.  10.  8.  182. 
■  Co  rapt,  reud,,  Tome  104, 

*  Various  statenieots  as  lo  ibe  composition  of  milk-fat  can  be  found  in  Koefoe<I, 
Bull.  d.  TAcad,  Dwnoise,  1891.  and  Wanklyu,  Ckemical  News,  Vol.  <J8. 

*  Cited  from  F.  SOlduer,  Die  3alze  der  3Iilc!i.,  etc.     Landwirthsch.  VenudusUtktt, 
Bd.  85.     Separatabzug,  S.  18. 

«  Handb.  d.  pbjiiol.  u.  p«itkoh  chem.  Analyse,  6,  Aufl.,  S.  259. 
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of  milk  is  identical  or  whether  there  are  several  different  caseins  has  not 
been  positively  determined. 

Caseia  when  dry  appears  like  a  fine  white  powder  which,  after  heating  to 
100''  C.  or  somewhat  above,  showe  the  properties  and  solubilities  of  freshly 
precipitated,  still-moist  casein.  Casein  is  only  slightly  soluble  in  water  or 
in  neutral-salt  solutions.  According  to  Authus'  it  is  rather  easily  soluble 
in  a  \%  solution  of  sodium  fluoride,  amnion iiim,  or  potassium  oxalate.  It 
acts  like  a  rather  strong  acid,  dissolves  readily  in  water  on  the  addition  of 
very  little  alkali,  forming  a  neutral  or  acid  liquid,  and  lastly  it  dissolves  in 
water  in  the  presence  of  calcium  carbonate,  from  which  it  expels  the  carbon 
dioxide.  If  casein  is  dissolved  in  lime-water  and  this  solution  carefully 
treated  with  very  dihite  phosphoric  acid  until  it  is  neutral  in  reaction,  the 
casein  appears  to  remain  in  solntion,  but  is  probably  only  swollen  as  in 
milk,  and  the  liquid  contains  at  the  same  time  a  large  quantity  of  calcium 
pbospbiite  without  any  precipitate  or  any  suspended  particles  being  visible. 
The  casein  solutions  containing  lime  are  opalescent  and  have  on  warming 
the  appearance  of  milk  deficient  in  fat*  Therefore  it  is  not  impossible  th^t 
the  white  color  of  the  milk  is  due  partly  to  the  casein  and  calcium  phos- 
phate. SoLDNER  has  prepared  two  calcium  combinations  of  casein  with 
1.55  and  2.36^  CaO,  and  these  combinations  are  designated  di-  and 
tricalcium  casein  by  Courakt.* 

Casein  Bolutions  do  not  coagulate  on  boiling,  but  are  covered,  like  milk, 
with  a  skin*  They  are  precipitated  by  very  little  acid,  but  the  presence  of 
neutral  salts  retards  the  precipitation.  A  casein  solution  containing  salt  or 
ordinary  milk  requires,  therefore,  more  acid  for  precipitation  than  a  salt- 
free  solution  of  casein  of  the  same  concentration.  The  precipitated  casein 
dissolves  very  easily  again  in  a  small  excesa  of  hydrochloric  acid,  but  lees 
easily  in  an  excess  of  acetic  acid.  These  acid  solutions  are  precipitated  by 
mineral  acids  in  excess.  Casein  is  precipitated  from  neutral  solutions  or 
from  milk  by  common  salt  or  magnesium  sulphate  in  substaDce  without 
changing  its  proi>ertieB.  *  Metallic  salts,  such  as  alum,  zinc  sulphate,  and 
copper  sulphate,  completely  precipitate  the  casein  from  neutral  solutions* 

The  property  which  is  the  most  characteristic  of  casein  is  that  it  coagu- 
lates with  rennet  in  the  presence  of  a  sufficiently  great  amount  of  lime-salts. 
In  solutions  free  from  lime-ealts  the  casein  does  not  coagulate  with  rennet; 
but  it  is  changed  so  that  the  solution  (even  if  the  enzyme  is  destroyed  by 


I  M.  Arlbus.  Theses  presentees  A  la  faculte  tics  sciences  de  Paris,  180S. 

*  Sftlducr,  Die  Salzo  der  Mikb,  etc.;  Courant.  he.  la  regard  to  iLe  salts  of  casein 
Bee  llie  recent  investigations  of  Sdldncr,  Maly*s  Jaliresber,,  Bd.  25,  and  J.  ROhmimn. 
Berlin,  kliu.  Wochenschr..  1895, 

*  )Ioruczewaki  obCaioed  microscopical  spherolithSp  cou&istlDg  of  proteid  and  45!(  asb 
from  an  ammouiacal  solution  of  casein  and  magnesium  chloride  (Zeitschr.  f.  physiol. 
Chem.,  Bd.  91). 
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heating)  yields  a  coagulated  mass,  hayiag  the  properties  of  card,  it  lime- 
ealfcs  are  added*  The  rennet  enzyme,  reunin,  has  therefore  an  action  on 
casein  even  in  tJie  absence  of  lime-salts,  and  these  last  are  only  neoeaairy 
for  the  coagulation  or  the  separation  of  the  curd.  This  fact,  which  VA 
first  proved  by  Hammarsten,'  has  lately  been  confirmed  by  AftXHts  ml 
Pages.* 

The  curd  formed  on  the  coagulation  of  milk  contains  large  qaantitieaol 
calcinm  phosphate.  According  to  Soxulet  and  S5ldner»  the  aolable 
lime-salts  are  of  essential  importance  only  iu  coagulation,  while  the  calcim 
phosphate  is  without  importance.  According  to  Coubant  the  caldum 
casein  on  coagulation  may  carry  down  with  it,  if  the  solution  contain! 
dicalcium  phosphate,  a  part  of  this  as  tricalciam  phosphate,  leaving  inoD<K 
calcium  phosphate  in  the  solution.  The  chemical  processes  which  take 
place  in  the  rennet  coagulation  have  not  been  thoroughly  investigated;  Btiil 
several  observations  seem  to  show  that  casein  splits  prfrtly  into  a  difficnltl; 
soluble  body,  paraeanein  or  curd^  whose  composition  closely  resembles  thit 
of  casein  and  which  forma  the  chief  product,  and  partly  into  an  easily 
soluble  substance,  similar  to  albumose,  whey-proteidj  which  is  deficient  ifl 
carbon  and  nitrogen  (50,3j^  C  and  13.2?^  N,  K5ster*)  and  which  ia  pro- 
duced in  very  small  quantities.  Paracasein  *  is  not  further  changed  '  bj  tbe 
rennet  enzyme,  and  it  has  not  t)ie  property,  to  the  same  extent,  of  bolding 
calcium  phosphate  in  solution  as  casein  has.  In  regard  to  other  enzrmes 
acting  like  rennin  see  Chapter  IX, 

In  the  digestion  of  casein  with  pepsin  hydrochloric  acid  pseudonnclein  i« 
split  off,  and  the  quantity  thus  split  of!  is  very  variable,  as  shown  by  tb 
Tesearches  of  Salkowski,  IIah.v,  Mouaczewski  and  Sebeliex.*  The 
amount  of  phosphorus  in  the  obtained  paeudonocleins  also  varies  consider- 
ably.  According  to  Salkowski  the  quantity  split  off  is  dependent  upon 
the  relationship  between  the  casein  and  digestion  fin  id,  namely,  the  quantity 
of  pseudonucleins  diminishes  as  the  pepsin  hydrochloric  acid  increases*  In 
the  presence  of  500  grnis.  pepsin  hydrochloric  acid  to  1  grm.  casein  Sai* 
KOWSKi  digested  the  casein  completely  without  obtaining  any  psendonndejiu 

1  Maly's  Jfibiegber.,  Bdd,  2  aud  4;  also  Hamm&rstea,  Zur  Keuntuissdes  Kaaelnsund 
tier  Wirknug  dea  Lwbfermetitos.  Nova  Acta  Reg.  Soc.  Scieot.  Upsala,  1877»  FesUchrift 

»  Arch,  de  PhysioL  (5),  Tome  2.  and  Mem.  Soc.  bJoL.  Tome  48. 

■  See  Maly'g  Jahrt'sber.,  Bd.  IL  S.  14, 

'  It  lias  been  receutly  propueed  to  dcBiguntc  the  ordiDary  caseia  as  casetiiogeHf 
Ibe  curd  as  casein,     Ailhough  Bucb  a  propuskiou  is  theoretically  correct.  It  lendi  \^ 
practice  to  coufusiOB.     On  tbis  account  lire  author  calls  the  curd  para(^s«iii,  accor<itof 
to  ScliulsMs  and  HOse  (Lftudwirlhsch.  Versncbsstut. ,  Bd.  31). 

*  8ee  Hammarateti,  Zeitscbr  f.  pbysloL  Cbem.,  Bd.  23.  In  regard  to  recent  voi 
on  Ibe  coagulation  of  mOk  we  must  mention  Htllmanu,  Mllchzeituog,  Bd*  25  ;  Bcoj 
miu,  Vircbow's  Arcb..  Bd.  145  ;  and  Wrchei.  PlJQ^'er's  Arclj.»  Bd*  69. 

*  Salkowski  and  Hahn,  PfiQger's  Arcb>,  Bd.  m  ;  Sulkowski«  ibid.,  Bd.  63 ;  ▼.  Mon- 
czewsld.  Zeitfichr.  f.  physioL  Clitim,*  Bd.  t^O ;  Sebciieu,  ibid,,  Bd.  30. 
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lo  peptic  ae  well  as  try p tic  digestion  u  part  of  the  orgamc  combiued 
phoephorns  is  split  off  as  orthophosphoric  acid  j  the  qaantity  increasing  as 
Ihe  digestion  progreeses.  Another  part  of  the  phosphorus  is  retained  in 
Drgunic  combination,  in  the  aibnnaosea  as  well  as  in  the  true  peptone 
|[Salkow8k:i,  Biffi,  Alexander '). 

Casein  may  be  prepared  in  the  following  way:  The  milk  is  diluted  with 

▼oU.  water  and  the  miiture  treated  with  acetic  acid  to  0.75  to  1  p.  m. 

RCasein  thus  obtained  is  purified  by  repeated  Bolntion  in  water  with  the  aid 

fof  the  smallest  qnantity  of  alkali  possible,  by  nitrating  and  reprecipitatlng 

with  acetic  acid,  and  thoroughly  washing  with  water.     Most  of  the  milk*fat 

is  retained  by  the  filter  on  the  first  filtration,  and  the  casein  contaminated 

with  traces  of  fat  is  purified  by  treating  with  alcohol  and  ether. 

Larioglobulin  was  obtained  by  Skbelein  from  cow's  milk  by  saturating 
it  with  NaCl  in  substance  (which  precipitated  the  casein),  and  saturating 
the  filtrate  with  magnesium  sulphate.  As  far  as  it  has  been  investigated  it 
!iad  the  properties  of  serglobnlin;  the  globulin  isolated  by  Tiemakn'  from 
colostrnm  had  neTertheless  a  markedly  low  quantity  of  carbon,  namely, 
49.83^. 

Lactalbumin  was  first  prepared  in  a  pure  state  from  milk  by  Sebelein.* 
Its  composition  is,  according  to  Sebelein,  C  52*19,  II  ?.18,  X  15.77, 
8  lw3t  0  23.13^.  Lactalbamin  has  the  properties  of  the  albumins.  It 
coagulates,  according  to  the  concentration  and  the  amount  of  Bait  in  solu- 
tion, at  +  7*2°  to  S-l""  C.  It  is  similar  to  seralbumin,  but  differs  from  it  in 
haying  a  considerably  lower  specific  rotatory  power:  fy(D)  s=  —  37°. 

The  principle  of  the  preparation  of  lactalbumin  is  the  same  as  for  the 
preparation  of  seralbumin  from  serum.  The  casein  and  the  globulin  are 
removed  by  MgSO^  in  substance,  and  the  filtrate  treated  aa  previoasly  stated 
(page  131). 

Tbe  occurrence  of  oilier  alhuminoua  bodies,  such  qb  albumty^e  nud  peptonm.  In  milk 
has  not  been  poailively  proved.  These  bodiea  are  easily  prodiicetS  as  laboraiory  prodiicta 
frum  tbe  otber  pruteias  of  tlie  railk,  Sucb  a  laboratory  product  Is  Millon  s  and  Co- 
jcaii^le's  Lactoprotein,  whicb  Is  a  mUture  of  a  little  casein  wjtli  cluiugtid  iilbumiii,  and 
ftlbumose/  which  is  formed  by  chemical  action.  In  regard  to  opaluin  see  Humau 
HUk«  page  398. 

Milk  also  contain ji,  according:  to  SrEOFitiED.'  a  nucUon,  related  to  phospbocarnlc 
acid,  and  whicl)  yields  fermeutatioD  lactic  acid  (instead  of  pamlactic  acid)  uiid  li  special 
cartiic  acid,  orylie  a^id  (instead  of  muscle  cjirnic  acid),  as  cleavage  products.  Lacto- 
phosph  oca  rnic  acid  maybe  precipitated  as  an  iron  combination  from  the  milk  freed  from 
e&sein  and  coagulable  proieids  as  well  as  eartby  phosphates. 

Milk-sugar,  lactose,  Cj,H„0,,  +  H,0.    This  sugar  with  the  absorption 

of  water  can  be  split  into  two  glucoses,  dextrose  and  galactose.     It  yields 

t  Balkowski,  1.  c;  BiM,  Virchow's  Arch.,  Bd.  152;  Alexander,  ZelUchr.  f.  phyaiol. 
Chem..  Bd.  25. 

« ZeiUchr.  t  pbyaiol.  Chem..  Bd.  25. 

I  Zeitschr.  f.  physiol.  Cbem.,  Bd.  9. 

*  See  Hammarsten,  Ueber  das  Laktoproleln,  Nord.  med^  Arklr.,  Bd.  6»  No.  10  ;  also 
Maly's  Jahresber.,  Bd.  6.  S.  13. 

'  Zeitschr.  f.  pbysiol.  Chem.,  Bdd*  21  and  92* 
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macio  acid,  beaidea  other  organic  acids,  by  the  action  of  dilute  nitric  acii 
Levulinic  acid  is  formed,  besides  formic  acid  and  hnmin  sabstancea,  by  the 
stronger  action  of  acids.  By  tlie  action  of  alkalies  amongst  other  prodncti 
we  find  bictic  acid  and  pyrocatechin. 

Milk-sugar  occors,  as  a  rule,  only  io  milk,  but  it  has  also  been  foandin 
the  urine  of  pregoant  women  on  stagnation  of  milk,  as  well  as  in  the  nhoe 
after  partaking  of  large  quantities  of  the  same  sugar.  According  to  the 
statements  of  Paitel  and  Richmoxd  '  the  milk  of  the  Egyptian  baflala 
does  not  contain  milk-augar,  but  a  sugar  called  tewfikose, 

Milk-sugar,  of  which,  according  to  Tanbet,  we  hftTe  three  modificatloM 
(see  Chapter  III),  occurs  ordinarily  as  colorless  rhombic  crystals  with  1  mol. 
of  water  of  crystallization,  which  is  driven  off  by  slowly  heating  to  100^  C, 
but  more  easily  at  130-140''  C,  At  170''  to  180°  0.  it  is  converted  into  a 
brown  amorphous  mass,  lactocaramel,  C,II,,0^.  On  quickly  boiling  dowu 
a  milk-sugar  solution,  anhydrous  milk-sugar  separates  ont.  Miik-«agir 
dissolves  in  6  parts  cold  or  in  2.5  parts  boiling  water;  it  has  a  faintlj 
sweetish  taste.  It  does  not  disaolve  in  ether  or  absolute  alcohol*  Itseoln^ 
tions  are  dextrogyrate.  The  rotatory  power,  which  on  heating  the  soIutioE 
to  IOC  C.  becomes  conatant,  is  a{\y)  —  +  52.5°.  Milk-sugar  combines 
with  baaes;  the  alkali  combinations  are  insoluble  in  alcohol. 

Milk-aogar  is  not  fermentable  with  pore  yeast.  It  undergoes,  on  tbi 
contrary,  alcoholic  fermentation  by  the  action  of  certain  Bchizomycetes,  and 
according  to  E.  Fischer'  the  milk-sugar  is  tirst  split  into  glucose  and 
galactose  by  an  enzyme,  lactase^  existing  in  the  yeast.  The  preparation  rf 
milk- wine,  **  kumt/ss^^'  from  mare's  milk  and  **"  kej^kir"^  from  cow's  miUt 
is  based  npon  this  fact*  Other  micro-organisms  also  take  part  in  thii 
change,  causing  a  lactic-acid  fermentation  of  the  milk-sugar. 

Lactose  responds  to  the  reactions  of  grape-sugar,  such  as  MooR£% 
Trommer's,  and  Rubner's,  and  the  bismuth  test.  It  also  reduces  mei- 
curie  oxide  in  alkaline  solutions.  After  warming  with  phenyLhydrarin 
acetate  it  gives  on  cooling  a  yellow  crystalline  precipitate  of  phenyl- 
lactosazon,  C„II„X^O,.  It  differs  from  cane-sugar  by  giving  poeitiTi 
reactions  with  Mooke^s  or  Trommer's  and  the  bismuth  test,  and  also  in  thai 
it  does  not  darken  when  heated  with  anhydrous  oxalic  acid  to  100''  C.  It 
differs  from  grape-sugar  and  maltose  by  its  solubility  and  crystalline  form, 
but  especially  by  its  not  fermenting  with  yeast  and  by  yielding  mucic  acid 
with  nitric  acid. 

For  the  preparation  of  milk-sogar  we  make  use  of  the  by-product  in  th( 
preparation  of  cheese,  the  sweet  whey.  The  proteid  is  removed  by  coagnla- 
tion  with  heat,  and  the  filtrate  evaporated  to  a  syrup.  The  crystals  which 
separate  after  a  certain  time  are  recrystallized  from  water  after  decolorixing 

>  Journ  Chem.  Soc,  Loodoo,  1804,  p,  754* 
*  Ber.  d.  deutsch.  cliem,  Geseilsch.,  Bd.  2?. 
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»  with  animal  charcoal.  A  pure  preparation  maj  be  obtained  from  the  com- 
mercial milk-sngar  by  repeated  recryfitallization.  The  quantitative  eetima- 
tion  of  milk-sugar  may  in  part  be  performed  by  the  polariHtroboraeter  and 
partly  by  meaasof  titration  with  Fehlinii\s  Bolntion.     10  c.c.  of  Fehling's 

^fioliition  corresponds  to  0.0676  grm*  milk-sngar  in  0.5-1.5^  solntion  and 

,  boiling  for  6  minutes  (in  regard  to  Fehling's  solution  and  the  titration  of 

j  Bugar  see  Chapter  XV)* 

RjTTHACSEN  Liis  foutid  auoUief  curbobydrate  in  milk  wliicb  la  .soluble  in  wiitcr, 
I  noo-crystutliziiljle^  which  hns  a  faint  ''educing  action,  and  which  yields  on  Ijolling  with 
I  tiD  ttcid  ft  body  bftving  a  rreater  reducing  power.  Landwehr  ct^tisiders  ihls  us  animiil 
I  gum,  and  BicHAMP '  ns  dextrin. 

The  mineral  bodies  of  milk  will  be  treated  in  connection  with  its  quanti- 
tative composition. 

The  methods  for  the  quantitative  analysis  of  milk  are  very  nnmerous, 
and  as  they  cannot  all  be  treated  of  here,  we  will  give  the  chief  points  of  a 
few  of  the  most  trustworthy  and  most  frequently  employed  methods. 

In  determining  the  solids  a  carefully  weighed  quantity  of  milk  is  mixed 
with  an  equal  weight  of  heated  quartz  sand,  iine  glass  powder,  or  asbestos. 
The  evaporation  is  tirst  done  ou  the  water-bath  and  finished  in  a  current  of 
carbon  dioxide  or  hydrogen  not  above  100"^  C. 

The  mineral  bodies  are  de'^ermined  hy  ashing  the  milk,  using  the  pre- 
caatioQB  mentioned  in  the  text-books*  The  results  obtained  for  the  phos- 
phoric acid  are  incorrect  on  account  of  the  burning  of  phoBphorized  bodies, 
each  as  casein  and  lecithin.  We  must  therefore,  according  to  Soldner, 
enbtract  25^  from  the  total  phosphoric  acid  found  in  tlie  milk.  The 
quantity  of  sulphate  in  the  ash  also  depends  on  the  burning  of  the  proteids. 

In  the  determination  of  the  ioial  amounl  of  proteids  we  make  use  of 
Ritthal'SEn's  method,  namely,  precipitate  the  milk  with  copper  sulphate 
according  to  the  modification  suggested  by  Mink,'  He  precipitates  all 
the  proteids  by  means  of  copper  oxjhydrate  at  boiling  heat»  and  determines 
the  nitrogen  in  the  precipitate  by  means  of  Kjeldaml's  method.  This 
modification  gives  exacter  resnlts. 

The  older  method  of  Fuls  and  Stenberg/  where  the  precipitant  is 
alcohol,  18  too  complicated  and  not  sufliciently  reliable.  Sehelien*  haa 
■nggested  a  very  good  modification.  3-4  grms.  of  milk  are  diluted  with  an 
equal  volume  of  water,  a  little  common-salt  solution  added,  and  jirecipitated 
with  an  excess  of  tannic  acid.  The  precipitate  is  washed  with  cold  water, 
and  then  the  quantity  of  nitrogen  determined  by  Kjeldahl's  method. 
The  total  nitrogen  found  when  multiplied  by  G,37  (casein  and  lactalbumin 
contain  both  15.7^  nitrogen)  gives  the  total  quantity  of  albuminous  bodies. 
This  method,  which  is  readily  performed,  gives  very  good  result*?.  L  Mukk 
nsed  this  method  in  the  analysis  of  woman's  milk.  In  this  case  the  quantity 
of  nitrogen  found  must  be  mnltiplied  by  6.34.  The  objection  to  this  and 
other  methods  where  the  proteids  are  precipitated,  is  that  perhaps  other 

*  Rittbausen,  Joum.  t  prakt.  Cbem.  (N*  F  ).  Bd,  15  ;  Laodwehr,  foot-note  2.  page 
46 ;  Becbarap,  BulL  80C.  cblm.  (3).  Tome  6. 

»  Rittbaneeo,  Joura.  f.  prakt.  Chem.  {N.  F,),  Bd.  15  ;  I.  Munk.  Virchow's  Arch.,  Bd, 
184. 

» Puis,  Pflliger'B  Arch.,  Bd.  13  ;  Sleoberg,  Maly'B  Jahreaber.^  Bd.  7,  B.  169. 

*  Zeitscbr.  f.  phyaiol.  Chem.,  Bd.  13. 
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bodies  (extractives)  may  be  carried  down  at  the  same  time  (Camerek  md 
SoLDKER  ')-     It  is  undecided  to  what  eitent  this  takes  place. 

A  pnrt  of  tbe  nitrogeti  in  the  milk  exists  tia  extractives,  and  Lbl*^  Ditrogen  is  calculated 
«s  tbn  difference  between  the  tutul  nitrogen  and  tbe  protein  nitrogen,  AccordJDg  Ui 
Munk's  aualyaes  about  ^^  of  the  total  nitrogen  belongs  to  the  extractives  in  cow's  milk, 
nnd  ^Y  In  woman's  niilit.  Camkkeh  and  S5ldkeh  determine  tbe  nitrogen  in  tbe  filtmte 
from  the  tannic- ncid  precipitate  by  ICteldaul's  method,  and  also  according  to  Htraxa'a 
meiliod  (hyptdiromite).  In  tbis  way  tbey  found  11  ndlligrammes  nitrogen  as  ur^a. flc. 
{niir<>geu  according  to  Hctfnek),  in  100  grammes  woman's  milk.  Of  the  remAiDio| 
nitrogen  88;»  ciime  from  the  proteida  and  tbe  remainder  from  nitrogenous  extrsctiT& 
In  tuw*3  ltd  Ik  they  found  la  milligrammes  nitrogen  according  to  Hufuzb.  and  9fif 
of  tbe  remainder  belonged  to  the  proteid  bodies. 

To  determine  the  casein  and  albumins  separately  we  may  make  \m  of 
tbe  method  first  suggested  by  IIoppe-Seyler  and  Tolmatscheff,*  in  which 
the  casein  is  precipitated  by  magnesium  sulphate.  According  to  fSEBELiKi, 
the  milk  is  dilnted  with  its  own  volorae  of  a  saturated  magnesia m-sDlph&te 
solution,  then  saturated  with  the  salt  in  substance,  and  the  precipitate  then 
filtered  and  wasfied  with  a  saturated  magnesium-sulphate  solutioD.  The 
nitrogen  ia  determined  in  the  precipitate  hy  Kjeldahl's  method,  and  the 
quantity  of  casein  determined  by  multiplying  the  result  by  6.37.  Theqnin- 
tity  of  iactalbumin  may  be  calculated  as  the  difference  between  tbe  caeein 
{+ globulin)  and  the  total  proteida  fouud.  The  lactalbumin  majalsabe 
precipitated  by  tannic  acid  from  the  filtrate  containing  Mg80^  from  the 
casein  precipitate,  dilnted  with  water,  and  the  nitrogen  determined  bj 
Kjeij)ahl's  method  and  tbe  result  multiplied  by  *j.:J7. 

Soil LOSSM ANN '  stiggests  au  ahim  solution,  which  precipitates  tbe  caeein, 
in  sepamtifig  the  casein  from  the  other  pmteids.  The  proteid  can  bep^^ 
cipifcated  from  tbe  filtrate  by  tannic  acid.  The  precipitate  is  used  to  deter- 
mine tbe  nitrogen  by  K.rErj>AHL\s  method. 

The  f at  la  gravi metrically  determined  by  thoroughly  extracting  the  dried 
milk  with  etber^  evaponiting  tbe  etber  from  the  extract,  and  weighing  the 
reaidue.  The  fat  may  be  determined  by  aerometric  means  by  adding  ikiJi 
io  the  milk,  shaking  with  etber,  and  determining  the  specific  gravity  of  the 
fat  solution  by  means  of  >?oxii  let's  apparatus.  In  determining  the  amoant 
of  fat  in  a  large  number  of  samples  the  lactocrit  of  I)e  Laval  may  be  md 
with  aoccess,  Tiie  milk  is  first  mixed  with  an  equal  volume  of  a  mixtar* 
of  glacial  acetic  and  concentrated  Bulpburie  acid,  warmed  7-8  minutes  oB 
the  water-bath,  the  mixture  placed  in  graduated  tubes,  and  these  in  the 
centrifugal  machine  at  +  50"^  C.  The  height  of  the  layer  of  fat  gives  it« 
quantity.  The  numerous  and  very  exact  analyses  of  Nilson  have  shovn 
that  with  milka  containing  small  quantities  of  fat,  below  1.5,*,  the  older 
corrections  are  unnecessary,  and  that  tliis  method  gives  excellent  results  ii 
we  use  lactic  acid  treated  with  5*^  hydrochloric  acid  instead  of  tbe  abore^ 
niixttire  of  glacial  acetic  acid  and  sulphuric  acid.  There  are  numerous  othefB 
methods  for  determining  milk*fat,  among  them  Gottlieb's  method,  which 
is  sinjple  and  exact  {WEinrLL*). 

In  determining  tbe  mUk-sngttr  the  proteids  are  first  removed.     For 

'  Zeitscbr.  f.  Biologic,  Bdd.  33  and  36. 

'  HoppeSeyler,  Med.-chem.  Untersucli,,  S,  272. 

*  Zeitscbr.  f.  physiol.  Chem..  Bd.  22. 

*  Nilson,  Maly^s  Jabreaber..  Bd.  21  ;  Gottlieb.  Maly's  Jahreflber.,  Bd.  20;  WeihullM; 
Lftudlburcks.  akad.  HandL  o.  tldskr,  Stockholm,  1896. 
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purpose  we  precipitate  either  with  alcohol »  which  must  be  eTaporated  from 
the  filtrate,  or  by  cliltiting  with  water,  and  removing  the  casein  by  tlie 
addition  of  a  little  acid,  and  the  lactaibumin  by  coagulation  at  boiling  heat. 
The  sugar  is  determined  by  titration  with  Fehlino's  or  Kkait's  aolation 
(see  Chap.  XV).  The  principle  of  titration  is  the  same  aa  for  tlie  titration 
of  sugar  in  urine:  10  ex*  of  FEnLiNo's  solution  corresponds  to  <>J)G7(j 
grm.  iriilk-flugar;  10  c.c.  of  Knapp^s  solution  correeponda  to  0.0311-0.0310 
grm.  milk-SQgar,  when  the  saccharine  liquid  contains  about  ^-1:^  sugar* 
In  regard  to  the  modus  operandi  of  the  titration  we  must  refer  the  reader 
to  more  complete  works  and  to  Chapter  XV* 

Instead  of  these  volumetric  determinations  other  methods  of  estimations, 
anch  aa  Alliun's  method,  the  polariscope  method,  and  others,  may  he  used. 
In  calculating  the  analysis  it  is  of  importance,  as  suggested  by  Cameeeh  and 
SoLDNER,  in  determining  the  solids  that  the  milk-sugar  in  the  residue  is 
anhydrous. 

The  quantitative  composition  of  cow's  milk  is  naturally  very  Tariable. 
The  average  obtained  by  Kuxio  *  is  as  follows  in  1000  parts: 

WAier.  Solids.  Casein,  Albumin.  Fata.  Sugmr.  Balta, 

87L7  128.3  30.2  5.8  86.9  44J.8  7.1 


35.5 

The  quantity  of  mineral  bodies  in  1000  parts  of  cow*a  milk  is,  according 
to  the  analyses  of  Soldner,  as  follows:  K,0  1.72,  Na,0  0,51,  CaO  1.98, 
MgO  0.20,  P,0^  1,82  (after  correction  for  the  pseudonucleio),  CI  0«y8  grms. 
BiJNaE'  found  0.0035  grm.  Fe,0,,  According  to  Soli*ner,  the  K,  Na, 
and  01  are  found  in  the  same  quantities  in  whole  milk  as  in  milk-serum. 
Of  the  total  phosphoric  acid  36-i5G%  ami  of  the  lime  53-72^  is  not  in  eohition. 
Apart  of  this  lime  is  combined  with  the  casein;  the  remainder  is  found 
united  with  the  phosphoric  acid  as  a  mixture  of  dicalcium  and  tricalcium 
phosphate,  which  is  kept  dissolved  or  suspended  by  the  casein.  The  bases 
are  in  excess  of  the  mineral  acids  in  the  milk-serum.  The  excess  of  the  first 
is  combined  with  organic  acids,  which  correspond  to  2,5  p.  m.  citric  acid 
(Soldner). 

The  gases  of  the  milk  consist  chiefly  of  CO, ,  besides  a  little  N  and  traces 
of  0.  Pflugeh'  found  10  vols,  per  cent  00^  and  0.6  vol.  per  cent  K, 
calculated  at  0"  C.  and  760  mm,  pressure. 

The  variation  in  the  composition  of  cow's  milk  depends  on  several  cir- 
cumstances. 

The  colostmm.  or  the  milk  which  is  secreted  before  caWing  and  in  the 
first  few  days  after,  is  yellowish,  sometimes  alkaline,  but  often  acid,  of 
higher  specific  gravity,  1.046-1.080,  and  richer  in  solids  than  ordinary 
milk.  The  colostrum  contains,  besides  fat-globules,  an  abundance  of  colos- 
trum-corpuscles— nucleated  granular  cells  0.005-0.025   mm.   in   diameter 

'  Chemle  der  inenscblicben  NfihruDgs  uud  GeuussmUvel,  8.  Aufl. 

•  Zeluchr,  f.  Biologic.  Bd.  10. 

*  PflUger'8  Arch.,  Bd.  2. 
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with  abundant  fat-granules  and  fat-globQlea*  The  fat  of  coloetmm  has  a 
eomewhat  higlier  melting-point  and  is  poorer  in  Tolatile  fatty  acids  tliaath« 
fat  from  ordinary  milk  (Nilsov  ').  The  quantity  of  cholesterin  and  lecithia 
is  generally  greater.  The  most  apparent  difference  between  it  and  ordiuarT 
milk  is  that  colostrum  coagulates  on  heating  to  boiling  because  of  the 
absolute  and  relatively  greater  quantities  of  globnlin  and  albumin  it  con- 
tains/ The  composition  of  colostrum  is  very  variable.  Koxig  gives  && 
average  the  following  figures  in  1000  parts; 

Water.  Scllda.  CaAeln.       AlUumfn  and  OlobuUa.       Fat.  Bugar.  Mi*. 

74e.7  253.3  40.4  130.0  85,9  36.7  15,8 

The  constitution  of  milk  is  changed  during  lactation,  and  it  becomei 
richer  in  casein  but  poorer  in  fat  and  milk-sugar.  T!i©  evening  milk  ii 
richer  in  fat  than  the  morning  milk  (Alex.  MClleh  and  Eisexstixk; 
NiLBON  and  others').  The  breed  of  the  animal  also  has  a  great  influence 
on  tlie  milk. 

The  influence  food  exercises  upon  the  comjiosition  of  milk  willbedii^ 

cussed  in  connection  with  the  chemistry  of  the  milk  secretion. 

In  tbo  followiug  we  give  the  average  com]>o5Uiou  of  skimmed  milk  and  ctfUia 
01  her  preparations  of  milk: 

Water.  ProtMida,  Fat.  Sugar.  LacUc  Aad.  f^la. 

Skimmei)  milk 906.8  UA  lA  47.5  ....  7.4 

Crcaiii .655.1  86.1  267.5  35.2  ....  6.1 

Bullt^rnulk &02.7  40.6  ».3  37.8  3.4  6.7 

WiiL-y 032.4  S.'j  2.3  47.0  3.3  6.a 

KuMTFia  ftiifl  KEPHiii  are  obtained,  m  above  slated,  by  the  alcoholic  and  laciic-acid 
lerraeiUatioD  of  tbe  LDilk-sugRi%  the  lirst  from  mare'»  milk  aod  llie  last  from  cow's  miH^- 
Larre  qnuniiiieaof  carbon  dioxide  are  foimed  thereby,  and  besides  tbe  albumin* luskuliw 
of  the  milk  nre  partly  converted  into  albumoses  aod  [H'fitoues,  which  increAse  Ihe  dl* 
geslibiliiy.  Tbe  timLuUty  of  Uctic  iieid  in  tbesie  pi-eparMiuus  may  be  about  10-20  ^  w* 
Tbe  cjtifvulity  of  alcohol  vjiries  from  10  In  35  p,  m. 

Milk  of  other  Animali.  Goat's  milk  hm  a  more  yellowish  color  aiad  anoiher, 
more  specitiCt  odor  Ihan  cow's  milk.  Tbe  conguladoo  obtained  by  acid  or  rennet  i> 
more  sttlitl  und  is  harder  Ihao  ihni  from  cm^*s  milk.  Sdeef  6  milk  is  similar  to  goal'* 
milk,  but  has  a  higher  Bpecific  jrravity  and  contains  a  g^reater  amount  of  solids. 

Maiie'8  milk  is  alkaline  nud  eontiiina  a  casein  which  is  not  precipitated  by  acids  ip 
lurapa  or  solid  masses,  but,  like  Ibe  casein  from  woman's  milk,  in  fine  finkets.  Tbi' 
casein  is  tmly  incompletely  preclpitaled  by  rennet,  and  it  ia  very  aimibir  also  iu  olbef 
respects  to  llie  ciisein  of  human  milk.  Acronling  to  Beil.*  the  casein  from  mare's  and 
cow's  nulk  is  tbe  same,  and  the  different  behavior  of  Ibe  two  varieties  of  milk  is  due 'o 
dlffereijt  amounts  of  sfdls  ami  to  a  (iitlurunt  relttlioD  between  the  casein  and  the  nlbo- 
miD.  Tbe  milk  of  the  Asa  is  claimed  by  older  authoriiies  to  be  similar  to  human  milk 
but  ScHLosaiiANN  finds  it  coiisidenddy  poorer  in  fat.  Itelndeer  milk  cbaracicrife* 
itself,  according  lo  Weuen8KI0LD,^  by  being  very  rich  in  fat,  144,5-197.3  p,  m.,  and 
casein,  50.6-S6.9  p.  m. 

'  Nilaou,  L  c. 

*  See  Sebclien,  Maly*a  Jalrresber.,  Bd.  18,  and  Tiemann,  Zeilschr.  f.  phyaiol.  Chcm.. 
Bd.  25. 

>  See  K&nig.  L  c.  p.  313,  and  Nilson,  I.  c. 

*  Studien  l\ber  die  Eiweiaastoffe  des  Kumys  nnd  Kefirs.  8t  Petersburg,  1881 
(Ricker.) 

*  Schlossmann^  Zeltschr.  f.  physiol.  Chem.,  Bd.  23  :  Werenikiold,  Haly*s  Jabreslief., 
Bd.  25. 
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Tlje  milk  of  carkiyoba  (the  bitcU  and  cai)  are  add  in  reaction  and  very  ricli  la 
I  fiolids.  The  composhion  of  Ihe  milk  of  ibese  uuiaialB  varies  ?ery  much  with  the  com- 
[poiilloD  of  ihe  food. 

I       Tu  illustrate  the  composillon  of  tbe  milk  of  other  auimala  the  following  figures,  the 
compilutiou  of  KQnig,  ure  giveu.     As  the  ndlk  of  each  kiud  of  aniniala  may  have  a 
'  Tariable  coinpoaitioc,  these  tigurta  should  only  be  cousidered  as  examples  of  the  com- 
\  posdiion  of  milk  of  various  kinds,* 

Milk  of  the                                 Water.  Solids.  Protelds,  Fat,  Su»c&r  B&lts. 

Dog.. 764.4  245.6  WA  95.7  ai.9  7.3 

Cat 816,3  183.7  WM  33.3  49.1  5,8 

Goat .....869.1  130.9  36,9  40.9  44.5  8.6 

Sheep 885.0  165.0  57,4  61.4  89.5  6.6 

Cow..... .871.7  128.3  35.5  36.9  46.8  7.1 

Horse 900.6  99.4  18.9  10.9  66.5  B.l 

Ass 900.0  100.0  21,0  13.0  63.0  3.0 

Pig 833.7  167.3  60.9  64.4  40.4  10.6 

Elephant 676.5  821.5  30.9  195.7  88.4  6.5 

Dolphin 486.7  613.3  ....  437.6  ....  4.6 

Haman  Milk. 

Woman's  milk  is  amphoteric  in  reaction.     According  to  Couraxt  its 

reaction  is  relatively  more  alkaline  than  cow's  milk,  but  has  nevertheless  a 

lower  absolnte  reaction  for  alkalinity  as  well  as  acidity*     CorRAXT  fonnd  be- 

L  twreen  the  tenth  day  and  tbe  fourteenth  month  after  confinement  jiractically 

'  cons  tan  t  results.    The  alkalinity,  as  well  as  the  acidity,  was  a  little  lower  than 

in  childbed,     100  c.c.  of  the  milk  had  the  same  average  alkalinity  iva  10.8 

N  .  ,  N      .  *        , 

G.C*  r^  caustic  soda^  and  the  same  acidity  as  3.6  c.c.  — r  actd.     The  relation- 

abip  between  the  alkaiinity  and  the  acidity  in  woman*s  milk  was  as  3  r  1^ 
and  in  cow's  milk  as  SJ.l  :  1. 

Unman  milk  also  contains  fewer  fat-globules  than  cow's  milk,  htit  tbey 
are  larger  in  size.  The  specific  gravity  of  woman's  milk  varies  between 
1026  and  1036,  generally  between  1028  and  1034.  The  specific  gravity  is 
highest  in  well-fed  and  lowest  in  poorly  fed  women. 

The  fat  of  woman's  milk  has  been  investigated  by  Ruppel.  It  forms  a 
yellowish-white  mass,  similar  to  ordinary  butter,  having  a  specific  gravity 
of  0.966  at  +  15"  C.  It  melts  at  34.0^  and  solidifies  at  *^0.3''  C.  The 
following  fatty  acids  can  be  obtained  from  the  fat,  namely,  bntyric,  caproic, 
eapric,  myristic,  palmitic,, stearic,  and  oleic  acids.  The  fat  from  woman's 
milk  is,  according  to  Rtppkl  and  Laves,"  relatively  poor  in  volatile  fatty 
acids.  The  non- volatile  fatty  acids  consist  of  one  half  oleic  acid,  while 
among  the  solid  fatty  acids  myristic  and  palmitic  acids  are  found  to  a 

I  greater  extent  than  stearic  acid* 
The  essential  qualitative  difference  between  woman's  and  cow's  milk 
seems  to  lie  in  the  proteids  or  in  tlie  more  accurately  determined  casein. 


*  Delaila  in  regard  to  the  milk  of  different  auimak  may  be  found  in  PriJ&cher,  Zeil^ 
8cbr  f.  physioh  Chem..  Bd.  24, 

>  Kuppel,  Zeiuchr.  f,  BioIogiCp  Bd.  31 ;  L&vea,  Zeitachr.  f.  pbysloL  Chem..  Bd.  19. 
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A  namber  of  okler  and  yopnger  investigators '  claim  that  the  casein  itm 
woman's  milk  has  other  properties  than  that  from  cow's  milk.  The  essential 
dilferencea  are  the  following:  The  casein  from  woman's  milk  is  precipitated 
with  greater  difficalty  with  acids  or  salts;  it  docs  not  coagulate  regukrljin 
the  milk  after  the  addition  of  rennet;  it  may  be  precipitated  by  gaetria 
juice,  but  dissolves  completely  and  easily  in  an  excess  of  the  same;  tha 
casein  precipitate  produced  by  an  acid  is  more  easily  soluble  in  an  eiceeaof 
the  acid;  and  lastly,  the  clot  formed  from  the  casein  of  woman's  milk  do« 
not  appear  in  such  large  and  coarse  masses  as  the  casein  from  cow'a  milJc, 
but  is  more  loose  and  floccolent.  This  laet-mentioned  fact  is  of  great  im- 
portance, since  it  explains  the  generally  admitted  easy  digestibility  of  tba 
casein  from  woman's  milk*  The  question  as  to  whether  the  above-men- 
tioned difiterences  depend  oo  a  decided  difference  in  the  two  caseins  or  oqI; 
on  an  unequal  relationship  between  the  casein  and  the  salts  in  the  two 
kinds  of  milk,  or  opon  other  circumstances,  has  been  recently  inresti- 
gated.  According  to  Szontagh  '  the  casein  from  human  milk  does  not 
yield  any  pseudonnclein  on  pepsin  digestion  and  hence  it  cannot  be  % 
nucleoalbnmiu.  Wkoblewski  *  has  recently  arrived  at  the  same  reaulte, 
and  also  foond  that  the  two  ctiseine  had  a  difiterent  composition*  He  foauid 
the  following  for  the  composition  of  casein  from  woman's  milk:  C  b2.% 
H  7.3*i,  N  14.97,  P  0.f>8,  S  LI  17,  0  23.6*3^,  Woman's  milk  also  containfl 
lactalbtimin,  besides  the  casein,  and  a  protein  substance,  very  rich  in  solpiiur 
(4.7^)  and  relatively  poor  in  carbon,  which  Wkoblewski  calls  opaliiuu 
The  statements  as  to  the  occorrence  of  albumoses  and  peptone  are  disputed 
as  in  many  other  cased.  No  positive  proof  as  to  the  occnrrence  of  albnmowi 
and  peptone  in  fresh  milk  has  been  given. 

Even  after  those  differences  are  eliminated  which  depend  on  the  imper- 
fect analytical  methodi  employed,  ike  quant itailve  composition  of  woman^s 
milk  is  variable  to  such  an  extent  that  it  is  impossible  to  gi7e  any 
average  results.  The  recent  analyses,  especially  those  made  on  a  larga 
number  of  samples  by  Pfeiffer,  Adkiaxce,  Camerer  and  Soldxer,'  have 


*  See  Biedert,  Untersuchunjjen  aber  die  cliemischen  UDterecbiecJeder  Meoacben^  itnd 
Kiihmikh  (SUittgarr,  IS84) ;  LaDgguard,  Virchow'a  Aich  ,  Bd.  65;  Affikm,  Siudiei 
Uber  die  Eiweisskdrper  der  FraucQ-  uiid  Kiikmllcb*     Iniiug,-Dis8.     Stru«burg,  1876, 

•  Msly's  Jrthreaber.,  Bd.  22,  S.  1^8. 

* '*BeitTttgez«rKeDElutsse  des  FrauenkaaeiiiB"  (I n at* g;.- Diss.,  Btirn,  1894),  aud  *'Eiu 
neuer  ciweissariiger  BesUndlbcil  der  Mllcb."  Anzeiger  der  Akad.  d,  Wlsa.  in  Krakau, 
1898. 

*Pfeiffur,  Jahrb.  f.  KiDderheilkuiide»  Bd,  20;  also  Mal/s  Jahreabcr.,  Bd.  13;  V. 
Adriancc  and  J.  Adrlaaco,  A  Clinical  Rejmrt  of  the  Chemical  E lamination,  elc, .  Arcblwi 
of  Pcdintrica,  1897  ;  Camcrcr  aud  S5ldnor.  Zellaclir.  f.  Bicil'lirk',  Bdd.  83  and  36.  la  re- 
gard to  tbe  composition  of  woman  *6!i  in  ilk  see  also  Biel»  Mnly's  Jnliresber  ,  Bd.  4  ;  Chri»- 
letjn*  (Hd..  Bd.  7;  Meudea  de  Leon.  ihuL,  Bd.  1^;  G<irber,  Bull.  soc.  Cbim.,  Tome  28; 
Tolmatacbeff,  Hnppe-Seyler's  Med.-cbcm.  Untersucli.,  S.  273. 
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positively  stown  tbat  woman's  milk  is  esBentlallj  poorer  in  proteida  but 
richer  in  sagar  than  cow's  milk.  The  quantity  of  proteid  Taries  between 
10-20  p.  Di.,  often  anion ntiug  to  only  15-17  p.  m.  or  less,  and  is  depend ent 
npon  the  length  of  lactation  (see  below).  Tlie  r|iiantity  of  fat  also  varies 
considerably,  but  ordinarily  anionnts  to  30-40  p.  ni.  The  quantity  of  sngar 
shonld  not  be  below  50  p.  m.,  but  may  rise  to  even  80  p.  m.  We  nmy  consider 
about  »jO  p.  111.  as  an  average,  bnt  we  should  bear  in  mind  that  the  quantity 
of  sugar  is  also  dependent  upon  the  length  of  lactation,  as  it  increases  with 
duration.     The  quantity  of  mineral  bodies  varies  between  2  and  4  p.  m. 

The  most  essential  differences  l>etween  woman's  ami  cow's  milk  are  ad 
follows,  from  a  qnantitative  standpoint:  As  compared  with  the  quantity  of 
albumin,  the  quantity  of  casein  is  not  only  absolutely  but  also  relatively^ 
smaller  in  woman's  milk  than  in  cowVs  milk,  while  the  latter  is  i>oorer  in 
milk-sugar.  Ilnman  milk  is  richer  in  lecithin  and  nncleon.  According  to 
WiTTMAACK  cow's  milk  contains  0.566  p.  m.  nucleon,  and  woman's  milk 
1.24  p,  m.  Siegfried*  finds  that  the  nucleon  phosphorus  amounts  to  60 
p.  ni*  of  the  total  phosphorus  in  cow's  milk  and  415  p.  m,  in  woman ^s  milk, 
and  also  that  human  milk  contains  nearly  entirely  organic  combined  phos- 
pborns.  Womau's  milk  is  poorer  in  mineral  bodies,  especially  lime,  and  it 
contains  only  one  sixth  of  the  qnantity  of  lime  as  compared  with  cow's  milk. 
Unman  milk  is  claimed  to  be  also  poorer  in  citric  acid  (Scheibe'),  although 
this  is  not  an  essential  difference. 

In  regard  to  the  qnantity  of  mineral  bodies  in  woman's  milk  tlie  analyses 
of  BuxGE  are  most  reliable.  He  analyzed  the  milk  of  a  woman,  fourteen 
days  after  delivery,  whose  diet  contained  very  little  common  salt  for  fonr 
days  previous  to  the  analysis  (A),  and  again  three  days  later  after  a  daily- 
addition  of  30  grma.  KaCl  to  the  food  (B),  Buxge  found  the  following 
figures  in  1000  parts  of  the  milk : 

A  B 

K,0.... 0.780  0.703 

Na,0.... 0.28d  0.257 

CnO... «>338  0.348 

MgO *  l».0ft4  0.065 

Fc,0, 0.004  0  000 

P,0|.<..... .....  0.473  0.469 

CI ., .„  0.438  0.445 

The  relationship  of  the  two  bodies,  potassium  and  sodium,  to  each  other 
may,  accordiug  to  Bunge,  vary  considerably  (1,3-4.4  equivalents  potash  to 
1  of  Boda).  By  the  addition  of  salt  to  the  food  the  quantity  of  sodium  and 
chlorine  in  the  milk  increases,  while  the  quantity  of  potassium  decreases. 
Be  Langb'  found  more  Na  than  K  in  the  milk  at  the  beginning  of 
lactation. 

«  WiUmaack.  ZellBChr.  f.  phyaioL  C'bem.,  Bd.  22;  Siegfried,  ibid  ,  Bd.  22, 

'Mftly's  Jttliresbtr..  Bd.  21. 

*  BuDge,  Zeitachr,  f.  Biologle,  Bd.  10  ;  De  Lange,  Maly's  Jahreiber.,  Bd.  27, 
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»l»gi«  in  100  e^e.  nflk. 

Tht  pnipv  iMfaBMi  flf  wv%  ailk  bj  difaitiBg  willi  i 

io  lh#  ■  Bii-MiMHift  €g  b<bw  iiiol  be  ditenniiied  befan  tk 
tb0  ilbnnimaiii  haiim  ct  Otmt  two  loads  of  odlk  bM  bee 


Tbe  MlMtrm  bM  »  b^^  ipeeifie  gnmtj,  1.04O-l«0W»  m 
quaotiif  of  g<igTiTihli  proCiidi,  sad  a  d^per  yellov  colar  t 
woBSD*!  milk*     Eren  a  few  dsjv  after  deiivoy  Ibe  ooler 
yellov,  the  qoMntitj  of  elbumm  leei,  a;iid  Ibe  amiiber  of  i 
dimioiebis. 

We  baf#  tbe  elder  ueljie§  of  Clemm  '  and  tbe  reeent  m 
FmmMf  ¥  aod  J.  Af>aLiL!rcK,  Camsbke  and  Solds^b  on  tbe  cbaagea  in 
tiie  eeniporitioa  of  milk  after  delirerj.  It  foUowi,  aa  a  mieniiiwHis  lenll 
from  tbeee  iorertigation^,  that  the  qnantitj  of  proteid,  vbkb  amocmts  ta 
more  tbe  fint  two  dajt,  flometimea  amoaDting  to  more  tbaii  SO  p.  m«  at 
flrat^  ratber  qaicklj  aod  then  more  gradnallj  diminisbea  la  long  ae  the  lacta- 
lioo  ooatttmei,  eo  that  in  tbe  third  week  it  amooDta  to  about  10-18  p.  ja« 
Like  tbe  protein  rahitacioei  lo  do  the  mineral  bodies  gradoallj  decxeaae. 
Tbe  qnaotitj  of  fat  ebowt  no  regakr  or  conatant  Tanatioa  daring  laetatioii, 
while  the  lactoee,  eepeciaUy  according  to  the  obeerrationa  of  Y,  and 
J.  Ai>iii4jrca  (1^  analyses),  increases  rather  qaickljr  the  ^stdays  and  then 
eoljdowly  until  tbe  end  of  lactation.  The  analrses  of  Pfecffek,  Cjlmeeik 
and  S&LDjrza  also  show  an  increase  in  the  quantity  of  milk-eogar* 

Tbe  two  mmmm»Ff  gkodf  of  tJne  mam  wommn  may  yield  Eomewbat  dilferetit  mUk. 
as  %hnwn  by  Sooedat  mnd  Utvr  by  BauinntiL"  Ltkewiie  tbe  dilleretit  portioDs  of  mtik 
from  tbe  «ync  mWWag  may  baTe  Tsryiog  compodiloo.  Tbe  fint  pofftiona  are  always 
poorer  In  fat 

Accordfuf  to  cntRntEit,  Yaaaots  aod  Bsoqitbrkl  the  milk  of  bloods  contains 
leM  eMda  tbaa  that  of  bruaeltaa,  a  dLfferetice  wbich  Tolxatscbeff'  could  not  sab* 
Manrtnt'*  Wnmrn  of  dclicAte  coDSlltutioiift  yield  a  milk  richer  in  soHda,  especially  in 
eSK!?  i  atroDg  consthuiioM  (V.  and  B.). 

A  r  s  and  Becquerkl,  (be  age  of  tbe  woman  baa  an  effect  on  the 

0om|KMiit  »ri  or  lilt:  Mil  K,  so  tbat  we  dud  a  grenterquanlitjof  proteidsaDd  fat  in  women 

[  1!^V>  ytsmn  old,  and  a  smaller  quamitf  of  angar,    Tbe  smallest  quantitjr  of  prouids  and 

i}jm  ^..«r, .»  ....nr.iiry  of  fuear  are  found  at  ^  or  from  25-90  jearv  of  ag*',    Accordfng  to 

.  with  the  fir&t-born  li  richer  in  water — wlUi  a  proportinoate  dimlno* 

t  ir,  and  fat— than  after  ae?eial  delireries. 

I  r  f*  nf  menitnuttioD  aeema  to  sliirhtljr  dlmiobb  tbe  mOk^sugar  and  to  coa- 

sidci  '-oM'i  lite  fat  snd  caadn  (V«  Aod  B.)* 


<  ZeHadtf.  f  Biologic,  Bd.  32. 

•8ce  ITopp*;  Se>ler,  HjyBiol.  CbeiiK*  S.  734. 

•  Sotmlfit,  Coinpt*  rend.,  Tome  71 ;  Bninner.  PflOger^i  Arcb.,  Bd.  7. 

♦  rfltriticr,  cited  from  Hoppe-Seylcr.  PhyiioL  Chera.,  S,  738 ;  Vernolt  and  Bec- 
qusrel,  Dii  Uit  cbcx  la  femme  dans  Tctal  de  sante,  etc.  (Paria,  1853) ;  Tolmmtscbeff, 
Bf^pe-SeySer,  Ked.^hem.  Untervoob*.  8.  272. 
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Witeli'i  milk  is  tbe  secretion  of  the  Diammary  glands  of  Dew-barn  cliildreu  of  both 
exes  immediately  after  birtb.  This  secretion  has  from  a  qualitative  9taiidt>oiot  tbe  same 
[mMtiluHun  au  milk,  but  may  sbow  imp  or  taut  differences  aud  vaiialiotis  from  n  quanti- 
tative point  of  view.  Schlos»brroek  iiud  Haitff,  Gublrk  aud  QuBYSKi?E.aDd  v.  Gek- 
»KK '  have  made  analyses  of  tbia  milk  and  give  tbe  foUowiug  resiiJia :  10.5-38  p.  m.  pro- 
leids,  8.2-14,6  p.  m.  fat,  and  9-60  p.  m.  sugar. 

As  milk  is  the  only  form  of  nourishment  during  a  certain  period  of  the 
life  of  man  and  mammak,  it  most  contain  all  tbe  nutritions  hodies  necessary 
for  life.  ThiB  fact  is  shown  by  the  milk-containing  representatiTefi  of  the 
three  cliief  groups  of  organic  nutritive  substances,  proteids,  carbohydrates, 
and  fat;  and  all  milk  seems  to  contain  without  doubt  also  some  lecithin  and 
nncleon.  The  mineral  bodies  in  milk  must  also  occur  in  proper  proportions, 
and  on  this  point  the  eijierinients  of  Bt  NiiE  on  dogs  are  of  special  interest. 
He  found  that  the  mineral  bodies  of  the  milk  occur  in  about  the  same 
relative  proportion  us  tliey  do  in  the  body  of  the  sucking  animal.  Buxoe* 
found  in  1000  parts  of  the  ash  the  following  results  (A  represents  results 
from  the  new-born  dog,  and  B  the  milk  from  the  bitch) : 

A  B 

K,0 114  2  149.8 

Ka,0 106.4  8^.0 

CaO 2952  373,4 

MgO 18.2  15.4 

Fe,0.. 7.2  1.2 

PaOi 394  2  342.2 

CI * 8^.5  160.0 

BtTNGE  explains  tbe  fact  that  the  milk-ash  is  richer  in  potash  and  poorer 
in  Boda  than  tiie  new-born  animal  by  saying  that  in  the  growing  animal  the 
ash  of  the  muscles  rich  in  potash  relatively  increases  and  the  cartilage  rich 
in  soda  relatively  decreases.  In  regard  to  the  amount  of  iron  we  find  an 
nneipected  condition »  tbe  ash  of  the  new-born  animal  contuining  six  times 
as  much  as  tbe  milk-ash.  This  condition  Bukge  explains  by  the  fact 
founded  on  his  and  Zalesky's  experiments,  that  the  quantity  of  iron  in 
the  entire  organism  is  highest  at  birth.  Even  at  its  birth,  therefore,  the 
new-born  animal  has  a  supply  of  iron  for  the  growth  of  its  organs,  Abdek* 
HALDEN"s'  recent  researches  show  in  a  very  striking  manner  the  corre- 
spondence of  the  ash  of  the  sucking  animal  (rabbit)  to  the  corresponding 
milk.  He  has  also  further  given  very  interesting  proof  as  to  the  relationship 
of  the  rapidity  of  growth  of  the  animal  to  the  quantity  of  proteids,  lime, 
and  phosphoric  acid  in  the  milk. 

The  quantity  of  mineral  bodies  in  the  milk,  and  especially  the  quantity 
of  lime  and  phosphoric  acid,  as  shown  by  Bcnge  and  Pku8CH£U  and 

^  Schlossberger  and  Hanff,  Annal,  d.  Cbem.  \i.  Pharm,,  Bd.  96;  Oubler  and  Que* 
venne,  cited  from  Hoppc-Seykr's  Ph3''siol.  Chem.,  8.  723;  v.  Geaser.  thiil 

•  21eitscbr.  f.  pbysiol.  Chem.,  Bd.  13,  8.  390,  Tbe  receut  investigations  of  De  Lange 
(1.  c)  on  the  quantity  of  asb  in  human  milk  and  new-born  child  sbow  that  in  buman 
beings  tlic  cundiliuns  are  different  Ihao  Id  dogs, 

'  ZeitscUr.  f.  pbysiol.  Cbem.,  Bd.  26. 
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pAofes,'  stand  in  close  relationahip  to  the  rapidity  of  growth,  becaofle  the 
qaantity  of  these  mineral  constituents  in  the  milk  is  greater  in  snimala 
which  grow  and  develop  quickly  than  in  those  which  grow  only  slowly. 
According  to  pRnsriiEE  a  similar  relationship  exists  between  the  qnantitr 
of  proteids  and  rapidity  of  growth. 

The  injfuence  of  the  food  on  the  composition  of  the  milk  is  of  interefit 
from  many  points  of  view  and  has  been  the  Bubject  of  many  investigationfi. 
From  these  investigations  we  learn  that  in  human  beings  as  well  as  in 
animals  an  insufficient  diet  decreases  the  qnantity  of  milk  and  the  qnantity 
of  solids  while  abundant  food  increases  both.  From  the  observatloiis 
of  Decaisne'  on  nnrsing  women  dnring  the  siege  of  Paris  in  18T1,  the 
qaantity  of  casein,  fat,  engar,  and  salts,  but  especially  the  fat»  was  foand 
to  decrease  with  insnt^icient  food,  while  the  qnantity  of  lactalbnmin  wm 
found  to  be  somewhat  increased.  Food  rich  in  proteids  increaees  th« 
quantity  of  milk,  and  also  the  solids  contained,  especially  the  fat.  Tbe 
quantity  of  sugar  in  woman's  milk  is  found  by  certain  investigators  to  h 
increased  after  food  rich  in  proteids,  while  others  claim  it  is  dinxioiBhed, 
Food  rich  in  fat  may,  as  the  recent  researches  of  80x11  let"  have  shawn, 
cause  a  marked  increase  in  tlie  fat  of  the  milk  when  the  fat  partaken  isiot 
readily  digestible  and  a.-ssjmilable  form.  The  presence  of  large  r^aantitiesof 
carboliyd rates  in  the  food  eeems  to  cause  no  constant,  direct  action  on  the 
quantity  of  the  milk-constituents.*  In  carnivora,  as  shown  by  SsuBcms,* 
the  secretion  of  milk-sngar  ]>roceeds  uninterruptedly  on  a  diet  consisting 
exclusively  of  lean  meat  Watery  food  gives  a  milk  containing  an  eiceaBot 
water  and  having  little  value*  In  the  milk  from  cows  which  were  fed  (ai 
distillers'  grain  Cummaille'  found  906.5  p.  m.  water,  2QA  p,  m.  caaein, 
4.3  p.  m.  albumin,  18.2  p,  m.  fat,  and  33,8  p.  m.  sugar.  Sach  milk  hw 
sometimes  a  peculiar  sharp  after- taste.' 

Chemist ri/  of  Milk-secretion.  That  the  actually  dissolved  coDBtit- 
nents  occurring  in  milk  pass  into  the  secretion  not  alone  by  filtration  or 
diffusion,  but  more  likely  are  secreted  by  a  specific  secretory  activity  of  tte 

»  Pr5schei-,  Zeitscbr.  f.  phyaioL  CUem.,  Bd.  24;    Pag^s,  Arch,    de   Plij«loL  (5V 
Tome  7. 

'  Cited  from  Hoppe-Seyler,  I.  c,  p.  730, 

*  See  Maly's  Jabresber,  Bd.  26. 

*  In  regard  to  tlie  literature  on  the  action  of  various  foods  on  womao's  milk  iflti 
Zfileskj,  ■♦Ueberdie  EinwJrkuQg  der  Nahrung  nut  die  ZuaammeDsetzuug  und  Nalir- 
haftigkeit  der  Fraueumilch/'  Berlin,  kliu.  WocbeDacbr,,  1888,  wliicU  also  cuntains  the 
literature  oq  tlie  imporlaoce  uf  the  food  oq  tbe  composition  of  otlier  kinds  of  inilit. 
In  rr^nrd  to  the  extensive  literature  on  tbe  influence  of  varioua  foods  on  the  milk  prCK 
diiction  of  aoiinals^  see  KOnig^  Chem.  d.  meDschl.  NiihniDgs>  und  Genussmlttel, «{.  Aufl, 
Bd.  1.  a  2t>B- 

»  CenlralbL  f.  d.  med.  WiBsenscb.,  1866,  8.  887. 

*  Cited  from  KGnig.  Bd,  2,  8.  235. 
'  See  Beck.  Maly*s  Jahresber.,  Bd.  25,  S.  223. 
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glandular  elementa,  is  shown  by  the  fact  that  milk-sogar,  which  is  not  found 
in  the  blood,  m  to  all  appearances  formed  in  the  glands  themeelTes*  A 
farther  proof  lies  in  the  fact  that  the  lactalbtimin  ia  not  identical  with 
seralbumin;  and  laatly,  as  Buxge  '  has  shown,  the  mineral  bodies  secreted 
by  the  milk  are  in  quite  different  proportions  from  those  in  the  blood- 
serum. 

Little  is  known  in  regard  to  the  formation  and  secretion  of  the  specific 
conatitnents  of  milk.  The  older  theory,  that  the  casein  was  produced  from 
the  lactalbumin  by  the  action  of  an  enzyme,  is  incorrect  and  originated 
probably  from  mistaking  an  alkali-albnminate  for  casein*  Better  founded 
IB  the  statement  that  the  casein  originates  from  the  protoplasm  of  the 
gland-cells,  whicli  seem  to  consist  of  casein  or  a  substance  related  to  it. 
The  preFionsly  mentioned  (page  385)  nncleoproteid  of  the  gland-cells 
appears  to  be  related  to  casein,  and  it  may  possibly  form  its  mother-snb- 
stance.  There  does  not  seem  to  he  any  doubt  that  the  protoplasm  of  the 
cells  takes  part  in  the  secretion  in  such  a  manner  that  it  becomes  itself  a 
constituent  of  the  secretion,  and  this  also  agrees  with  1Ieideniiain*s  *  views. 
According  to  Bascii*s'  researches  the  casein  is  formed  in  the  mammary 
gland  by  the  nucleic  acid  of  the  nucleus  set  free,  uniting  intra-alTeolar  with 
the  transudatert  serum,  forming  a  nncleoalbnmin,  the  casein;  but  strong 
objections  can  be  presented  against  such  a  view. 

That  the  milk-fat  is  produced  by  a  formation  of  fat  in  the  protoplasm > 
and  that  the  fat-globules  are  set  free  by  their  destruction,  is  a  generally 
admitted  opinion,  which,  however,  does  not  exclude  the  possibility  that  the 
fat  is  in  part  taken  up  by  the  glands  from  the  blood  and  eliminated  with 
ita  secretion.  That  the  fata  of  the  food  c^n  pass  into  the  milk  follows  from 
the  investigations  of  Wixtejinttz,*  a^  he  hns  been  able  to  detect  the  piissage 
of  iodized  fats  in  tbe  milk.  The  observations  of  Spampani  and  Daddi  '  of 
the  passage  of  sesame-oil  into  the  milk  also  prove  this  fact.  A  formation 
of  fat  from  carbohydrates  in  the  animal  organism  is  at  the  present  day  con- 
sidered as  positively  proved,  and  it  is  likewise  possible  that  the  milk-glands 
also  produce  fats  from  the  carbohydrates  brought  to  them  by  the  blood.  It 
is  a  well-known  fact  that  an  animal  gives  off  for  a  long  time,  daily,  consider- 
ably more  fat  in  the  milk  than  it  receives  as  food,  and  this  ]rrove8  that  at  least 
a  part  of  the  fat  secreted  by  the  milk  is  produced  from  proteids  or  carbo- 
hydrates, or  perhaps  from  both.  Tfie  question  as  to  how  far  this  fat  ia 
produced  directly  in  the  miik-glands,  or  from  other  organs  and  tissues,  and 
brought  to  the  gland  by  means  of  the  blood,  cannot  be  decided. 

The  origin  of  milk-sugar  is  not  known.      Muntz  calls  attention  to 


•  Lehrbiicb  d.  physiol.  utid  patliol.  Cbem.,  8.  Aufl«, 

•  Hermann's  Hftiulbucb.  Bd.  5.  Abthl,  1,  S,  880. 
'  Jnlirbuch  f.  Kinderheilkundr,  1808. 

*  Zeilacbr.  f.  pbyslol.  Cbem,.  B<L  24. 

*  See  Maly'a  Jahresber.,  Bd.  26.  8.  298. 
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the  fact  that  a  number  of  very  widely  diffused  bodies  in   the  Tft 
kifigdom — ^vege table    nm tillage,    gnms,    pectin    bodtes^ — yield   galactose 
products    of   decomposition,  and    he    believes^  therefore,  that    nulk-scg 
may  be  formed  in  herbivora  by  a  synthesia  from  dextrose  and  galact< 
Thia  origin  of  milk-sagar  does  not  apply    to  carnivora^  as  they  prodaoi 
milk-sngar  wheo  fed  on  food  consisting  entirely  of  lean  meat.     The  obser^J 
vations  of  Beet  and  TniERFELriER^hat  a  mother-substance  of  the  milk-i 
BUgar,  a  saccliarogeri^  occurE  in  the  glands  cannot  give  farther  explanation  ai] 
to  the  formation  of  milk-sugar,  hs  the  nature  of  this  mother-sobstauce  isstiQ 
unknown*     The  question  whether  the  above-mentioned  (page  385)  proteidj 
which  yields  a  reducing  Bubatance  when  boiled  with  dilnte  acids,  has  anr-] 
thing  to  do  with  the  formation   of  milk-sugar   cannot  be  answered  nntilj 
further  and  more  thorough  investigations  have  been  made  of  this  subject 

The  passage  of  foreign  substances  into  the  milk  stands  in  close  conne^ 
tion  with  the  chemical  processes  of  milk-secretion. 

It  is  a  well-known  fact  that  milk  acquires  a  foreign  taste  from  the  food 
of  the  animal,  which  is  in  itself  a  proof  that  foreign  hoilies  pass  into  the  | 
milk.    This  fact  becomes  of  special  importance  in  reference  to  such  injorioui 
substances  as  may  be  introduced  into  the  organism  of  the  nursing  child  by 
means  of  the  milk. 

Among  those  substances  may  be  mentioned  opinm  and  morphine,  wliieh 
after  large  doses  pass  into  the  milk  and  act  on  the  child.  Alcohol  majalso 
pass  into  the  milk,  bnt  probably  not  in  such  quantities  as  to  liave  any  direct 
action  on  the  nursing  child.*  Alcohol  is  claimed  to  have  been  detected  in 
the  milk  after  feeding  cows  with  brewer's  grains* 

Among  inorganic  bodies,  iodine,  arsenic,  bismuth,  antimony,  zinc,  lead, 
mercury^  and  irou  have  been  found  in  milk.  In  icterus  neither  bile-acids 
nor  bile-pigments  pass  into  the  milk. 

Uader  diat?aseil  coiKiitkins  no  QonnlKUl  clmnge  has  been  found  in  woraftri*«mUk.  ^\ 
isolated  coses  Schlobsuekgeu.  Joly  and  Filiiol'  bnve  observed  iniiced  a  niarkedlf  i^l 
iiortiiiil  ciimpositioii,  but  no  positive  conclusion  can  be  derived  tlierefrom.  1 

The  «:h!iiig<-^s  in  cow's  milk  in  diaeiise  have  been  Hiile  stiulied.  In  tuberculosiiof  tlifii 
udd*T  Sroitt ii*  found  lijl>erciile  bacilli  in  Ibe  milk,  and  lie  also  found  thai  the  milk  ^ 
came  uiort  find  tnore  diluted,  dumig  the  diseasn.  wiili  n  serous  liquid  similar  m  bI{Kw* 
seniTu.  s  J  ibrd  tbe  gluiids  Jinnllf.  instead  of  yielding  tnilk,  gave  only  l>looii -serum  of » 
serous  tinid.  lIi's&oK^  found  Ibat  luilk  from  murrain  cows  eontafuefl  more  proteitl* 
but  considerably  less  fat  and  (in    evere  cases)  less  supir  than  normal  milk. 

The  milk  mjiy  l)e  blue  or  red  iit  eoloiv  due  to  the  development  of  iuicn>oTgflnismft. 

The  formation  of  conerementa  in  the  exit-pftssagfs  of  ibe  row*s  iidder  is  "often  ob- 
served.    They  consist  chiffly  of  calcium  carbonate,  or  of  carbonate  and  phospbaie  wltll  j 
only  a  small  si  mount  of  orgardc  substances. 

^  Mimii,  CotiJiU,  rend,,  Tome  102  ;  Bert  and  Tblerfelder,  foot-notes  1  iwjd  3.  page  \ 
'  See  Klingenianu,  Virchow's  Arch,,  Bd.  136. 

*  Schlossberger,  Anual.  d.  Cbem,  u.  Pbarm,,  Bil.  96;  Joly  and  FUhol,  cited  froi 
Gurup'BeMiTiez,  Lehrb,,  4.  Aufl..  S.  43S. 

*  See  Baug,  Om  Tnberkiilose  i  Koeus  Tver  og  om  tuberkuli^s  Mil  Ik.     Nord.  metL  i 
klv,  Bd.  16.  anil  also  Maly^s  Jahresber. .  Bd.  14,  S.  170  ;  Storch,  Maly'a  Juliresbcr.  Bd  14 

*  Compt.  rend.,  Tome  73. 


CHAPTER  XV. 

URINE. 

Urine  is  the  must  important  excretion  of  the  animal  organism;  it  is  the 
means  of  eliminating  the  nitrogenous  metabolic  products,  also  tiie  water  and 
the  soluble  mineral  substances;  and  in  many  cases  it  furniBlies  important  data 
relative  to  the  metabolism,  qnantitatively  bj  its  Tariation,  and  qualitiitively 
bj  the  appearance  of  foreign  bodies  in  the  excretion.  Moreover  in  many 
eises  we  are  able  from  the  chemical  or  morphological  constituents  which  the 
urine  abstracts  from  the  kidneys,  ureters,  bladder,  and  urethra  to  judge  o£ 
the  condition  of  these  organs;  and  lastly,  urinary  analysis  affonla  an  excel- 
lent means  of  deciding  the  question  how  certain  medicines  or  other  foreign 
substances  introduced  into  the  organism  are  absorbed  and  chemicfilly 
changed «  lu  this  respect  especially  urinary  analysis  has  furnished  very 
important  particulars  in  regard  to  the  nature  of  the  chemical  processes 
taking  place  within  the  organism,  and  it  ia  therefore  not  only  an  important 
aid  in  diagnosis  to  the  physician,  bnt  it  is  also  of  the  greatest  importance 

■  to  the  toxicologist  and  the  physiological  chemist. 
Iti  studying  the  secretions  and  excretions  the  relationship  mnst  be  sought 
between  the  chemical  structure  of  the  secreting  organ  and  tlie  chemical 

■  composition  of  its  secreted  products.  Investigations  with  respect  to  the 
kidneys  and  the  urine  have  led  to  very  few  results  from  thia  standpoint. 
Although  the  anatomical  relation  of  the  kidneys  has  been  carefully  studied, 
their  chemical  composition  has  not  been  tlie  subject  of  thorough  analytical 
research.  In  cases  in  which  a  chemical  investigation  of  the  kidneys  has 
been  undertaken,  it  has  only  been  in  general  of  the  organ  as  such,  and  not 
of  the  different  anatomical  parts.  An  enumeration  of  the  chemical  con- 
Btituents  of  the  kidneys  known  at  the  present  time  can,,  therefore,  have  only 
a  secondary  value. 

In  the  kidneys  we  find  albnminons  bodies  of  different  kinds.  According 
to  Halliburton  the  kidneys  do  not  contain  any  albumin,  bnt  only  a 
ghhdin  and  a  nuchoproidtL  The  globulin  coagulates  at  about  52°  C,  and 
'  the  nucieoproteid  contains  0.37^  phosphorus.  According  to  L.  Libber- 
^P  HANN'  the  kidneys  contain  a  lecithalhximin^  and  he  ascribea  to  this  body  a 
special  importance  in  the  secretion  of  acid  urines.  The  kidneys  also 
contain,  according  to  LoNNBEROt  a  mucm-like  substame.     This  subatanoe 
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I*  PhjTJiieal  Properties  of  Urine* 

CBBiiiteiiey,  Hamtfut^cf,  Odor,  And  Taftt  of  XTrmo.    Uiidv  pIljBJB 
logical  eoodittooi  urisie  it  b  thin  liquid  and  giraa^  wimi  ^b^bd  with  Bir,  b 
ftoUi  whicii  qoicklyaiibiidoa.    HamBa  omiio  or  arino  from  cKBiwoffB*  whiA 

ii  bBbitiuUl/  mai^  ^pean  dear  and  tnuiqiarBat«  often  {aintlj  finaceaceiit, 
tBtimrittfrij  after  Toiding.  Wbeo  allovad  to  etand  for  a  littte  while  hunaa 
BiiikB  abowf  B  light  cloud  (ftuAieii&i)  whiclr  c^ofMBiitB  of  the  eo-^BUod 
*'  nmeoA  *^  and  geoermUjr  bIbo  csoniainB  a  few  epitheliani-cdK  macos^eotpoa-^ 
dfiB,  Bod  onte-fTBiitileB.  Tbo  pteoeiioe  of  a  larger  qoaatttf  of  vraliB 
iBudBfB  tho  miiio  cloadjr*  and  a  daj-jdlow,  yellowisfa-browii,  nMo-eokfod, 
or  oftofi  hrick-red  precipitate  {mdimmium  himiium)  settles  o&  oooling, 
bccBBie  of  ibo  gretler  toBolabllitj  of  the  aratet  at  the  ordinarf  teB^eiBterB 
thBD  Bt  the  tempefrntcire  of  the  body,  ThiB  cloadinea  dtaappeBra  on  gently 
wanniog.  In  Dew-bom  tafanta  the  clondmeee  of  the  urine  doring  the  fiiBl 
4-^  dayi  te  dne  to  epitbellniD^  maeus-corpiiAclea,  uric  acid^  and  ttiataa. 
The  nrioe  of  faerbirorii,  which  ie  liabitaallf  neatral  or  atkaHne  in  reaction, 
IB  Terjr  doody  on  accotmt  of  the  carbonates  of  the  alkaline  earths  pteeent, 
Htim&n  urine  may  Bome times  be  alkaline  nnder  physiological  conditloiiB* 
In  this  case  it  is  made  cloady  by  the  ^irthy  phoephatee^  and  this  clondinev 

*  H&IUbartoo,  Jmm.  of  PbysioL.  Vol  la.  Suppl.,  mod  YoL  18;  Liebennamt. 
Pflftgcr'i  Arch.,  Bd4,  50  Axid  M ;  LOaoberg.  see  Msly's  Jahretber.,  Bd.  30 :  M5nicr« 
Skaad.  Arch.  f.  PbyrioL.  Bd.  i. 

*  CHed  from  v,  GofUi^BeMnoez.  Lebrbucb,  4  AntL,  S.  732* 
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do68  not  disappear  on  warmiDg^  differing  m.  ibis  respect  from  the  aedimen- 
hm  hteritium.     Urine  has  a  salty  and  faintly  bitter  taBte  produced  bj 
jflodium  chloride  and  urea*     The  odor  of  urine  is  peculiarly  aromatic ;  the 
|lN>dJ66  which  produce  this  odor  are  unknown. 

The  color  of  orine  Is  normally  pale  yellow  when  the  specific  gravity  le 
•  O20.  The  color  otherwise  depends  on  the  concentration  of  the  urine  and 
varies  from  pale  straw-yellow,  when  the  urine  contains  small  amountB  of 
solids,  to  a  dark  reddish  yellow  or  reddish  brown  in  stronger  concentration. 
A.S  a  rule  the  intensity  of  the  color  corresponds  to  the  concentration,  but 
Under  pathological  conditions  exceptions  occur,  and  such  an  exception  is 
^onnd  in  diabetic  urine,  which  contaiufl  a  large  amount  of  solids  and  has  a' 
^l^igh  specific  gravity  and  a  pale  yellow  color. 

^1       The  reaction  of  urine  depends  essentially  upon  the  composition  of  the 

Kfood.     The  camivora  void  an  acid,  the  herbivora,  as  a  rule,  a  neatral  or 

"alkaline^  urine.     If  a  camivora  is  put  on  a  vegetable  diet,  its  urine  may 

become  less  acid  or  neutral,  while  the  reverse  occurs  when  an  herbivora  is 

Btarved,  that  is,  when  it  lives  upon  its  own  flesh,  as  then  the  urine  voided  is 

rid. 
The  urine  of  a  healthy  man  on  a  mixed  diet  has  an  acid  reaction^  and 
the  sum  of  the  acid  equivalents  is  greater  than  the  sum  of  the  base  equiva- 
lents. This  depends  on  the  fact  that  in  the  physiological  combustion  of 
neutral  substances  (proteids  and  others)  within  the  organism  acids  are  pro- 
duced, chietiy  aulphoric  acid,  but  also  phosphoric  and  organic  acids,  such  as 
hippnric,  uric,  and  oxalic  acid,  aromatic  oxyacids,  and  ofcherg.  From  this  it 
follows  that  the  acid  reaction  is  not  due  to  one  acid  alone.  We  do  not  know 
to  what  extent  any  one  acid  takes  part  in  the  acid  reaction;  but  it  ia 
genendly  considered  that  the  acid  reaction  of  human  urine  is  caused  by 
di-acid  phosphate.  The  quantity  of  acid-reacting  bodies  or  combinations 
eliminated   by  the  urine  in  24  hours,  when  calculated  as  oxalic  acid  or 

•  hydrochloric  acid,  is  respectively  2-4  and  1*15-2.3  grms. 
The  composition  of  the  food  is  not  the  only  inflaence  which  affects  the 
degree  of  acidity  of  human  urine.  For  example,  after  taking  food,  at  the 
beginning  of  digestion,  when  a  larger  amount  of  gastric  juice  containing 
hydrochloric  acid  is  secreted,  the  urine  may  be  neatral  or  even  alkaline.* 
The  statements  of  varions  investigators  are  rather  contradictory  in  regard 
to  the  time  of  the  appearance  of  the  maximum  and  minimum  of  the  acidity, 
which  may  in  part  be  explained  by  the  different  individuality  and  different 
conditions  of  life  of  the  persoos  investigated.  It  has  not  infrequently  been 
observed  that  perfectly  healthy  persons  in  the  moniing  void  a  neutral  or 
alkaline  urine  which  is  cloudy  from  earthy  phosphates.  The  effect  of 
muscular  activity  on  the  acidity  of  urine  has  not  been  positively  determined. 
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According  to  Hoffmakn",  RiJi-GSTEDT,  Oddi  and  Taeulli  muscular  work 
raises  the  degree  of  acidity,  but  Aducco  '  claims  tliat  it  decreases  it. 
Aboedaut  perspiration  reduces  the  acidity  (Hoffmann). 

In  man  and  carnivora  it  seemB  that  the  degree  of  acidity  of  the  urine 
cannot  be  increased  above  a  certain  point,  even  though  mineral  acids  or 
organic  acids  which  are  burnt  op  with  difficulty  are  taken  in  large  quantities. 
When  the  supply  of  carbonates  of  the  fixed  alkalies  stored  up  in  the 
organism  for  this  purpose  is  not  sufficient  to  combine  with  the  excess  of 
acid,  then  ammonia  is  split  from  the  proteida  or  their  decomposition 
products^  and  the  excess  of  acid  combines  therewith,  forming  ammoniuni 
salts  which  pass  into  the  nrine.  In  herbivora  socb  a  combination  of  the 
excess  of  acid  with  ammonia  does  not  seem  to  take  place,  or  not  to  the  same 
extent,'  and  therefore  herbivora  soon  die  when  acids  are  given*  Never  the- 
leas  the  degree  of  acidity  of  liuman  urine  may  be  easily  diminished  so  that 
the  reaction  is  neutral  or  alkaline.  This  occurs  after  the  taking  of  car- 
bonates of  the  fixed  alkalies  or  of  such  alkali  salts  of  vegetable  acids — 
tartaric-acid,  citric-acid,  and  malic-acid  salts — as  are  easily  burnt  into 
carbonates  in  the  organism.  Under  ]mtliological  conditions,  as  in  the 
absorption  of  alkaline  transudations,  the  urine  may  become  alkaline. 

The  degree  of  acid  it  if  cannot  be  ddermineil  by  the  ordinary  acidimetric 

fjrocess,  since  the  urine  contains  di -hydrogen  phosphate,  ^JII,PO^,  besides 
ijdrogen  di-pbosphate,  MJIP**,.  In  the  titration  the  di-hydrogen  phos- 
pliate  is  changed  gradually  into  M  IIPU^,  and  we  obtain  at  a  certain  point 
a  mixture  of  the  two  phospliastes  m  variable  proportions,  which  niixtnre  is 
not  neutral  bnt  amphoteric.  As  we  consider  the  quantity  of  phosphoric 
acid  as  di-hydrogen  phosphate  as  a  measure  of  the  acidity  of  the  urine,  the 
determination  of  the  acidity  and  the  determination  of  di-hydrogen  phos- 
phate go  hand  in  hand.  The  methods  resorted  to  will  be  described  in 
connection  with  the  estimation  of  the  total  phosphoric  acid. 

A  urine  with  an  alkaline  reaction  caused  by  Oxed  alkalies  has  a  very 
different  diagnostic  value  from  one  whose  alkaline  reaction  is  caused  by  the 
presence  of  ammonium  carbonate.  In  the  latter  ease  we  have  to  deal  with 
a  decomposition  of  the  urea  of  tbe  urine  by  the  action  of  micro-organisms. 

If  we  wish  to  determine  whether  the  alkaline  reaction  of  the  urine  is 
due  to  ammonia  or  fixed  alkalies,  we  dip  a  piece  of  red  litmus-paper  into 
the  urine  and  allow  it  to  dry  exposed  to  the  air  or  to  a  gentle  heat  If  the 
alkaline  reaction  is  due  to  ammonia,  the  paper  becomes  red  again;  but  if  it 
is  caused  by  fixed  alkalies,  it  remains  blue. 

The  specific  gravity  of  urine,  which  is  dependent  upon  the  relationship 
existing  between  the  quantity  of  water  secreted  and  the  solid  urinary  con- 
Btitnents,  especially  the  urea  and  sodium  chloride,  may  vary  considerably, 
bnt  18  generally  l,O17-l,020.     After  drinking  large  quantities  of  water  it 

1  HofTtniinti,  see  Maly's  Jabresber.,  Bd.  14,  8.  213  ;  Hiogstedt,  ibid,,  Bd.  20,  S.  196 ; 
Oddi  ami  Tarulli.  ibid.,  Bd.  24  ;  Aducco.  ibid.,  Bd.  17. 
•  See  Wiutcrberg,  Zeltsohr  f.  pliysloh  Chem..  Bd.  25, 
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may  fall  to  1.002,  while  after  profnse  perspiration  or  after  drinking  very 
little  water  it  may  rise  to  1.035-1,040.  In  new-bom  infants  the  Bpecifio 
gravity  is  low,  1.007-1.005,  The  deternnnation  of  the  specific  gravity  is 
an  important  means  of  learning  the  average  amount  of  Bolids  eliminated 
from  the  organism  with  the  nrine,  and  on  this  account  the  determination 
becomes  of  true  value  only  when  at  the  same  time  the  quantity  of  urine 
voided  in  a  given  time  is  determined.  The  different  portions  of  nrine 
voided  in  the  course  of  the  24  hours  are  collected,  mixed  together,  the  total 
quantity  measured,  and  then  the  specific  gravity  taken. 

The  dekrminaiiott  of  the  specific  gravity  is  most  accurately  obtair^d  with 
the  pyknometor.  For  ordinary  cases  the  specific  gravity  may  be  determined 
with  sufficient  accuracy  by  means  of  areometers.  The  areometers  found  in 
the  trade,  or  unnomete^'s,  are  graduated  from  l.OOO  to  1.040;  for  exact 
observations  it  is  better  to  use  two  nrinometers,  one  graduated  from  1*000  to 
1,020,  and  the  other  from  1.020  to  1.040. 

To  determine  the  specific  gravity  of  urine,  if  necessary  filter  the  urine, 
or  if  it  contains  a  urate  sediment,  first  dissolve  it  by  gentle  heat,  then  pour 
the  clear  urine  into  a  dry  cylinder,  avoiding  the  formation  of  froth.  Atr- 
bnbbles  or  froth,  when  present,  must  be  removed  with  a  glass  rod  or  filter- 
paper.  The  cylinder,  which  must  be  a!>out  |  full,  must  be  wide  enough  to 
allow  the  nrinometer  to  swim  freely  in  the  liquid  witliout  touching  the 
sides.  The  cylinder  and  urinoraeter  should  both  be  dry  or  previously 
washed  witli  the  urine.  On  reading,  the  eye  is  brought  on  n  level  witli  the 
lower  meniscus — which  occurs  when  the  surface  of  the  liquid  and  tlie  lower 
limb  of  the  meniscus  coincide;  the  rending  is  then  matle  from  the  point 
where  this  curved  line  cuts  the  scale  of  the  nrinometer.  If  the  eye  is  not 
in  the  stmie  horizontal  plane  with  the  convex  line  of  the  meniscus,  but  is 
too  ln*gh  or  too  low,  the  surface  of  the  liquid  assumes  the  shape  of  an 
ellipse,  and  the  reading  in  this  position  is  incorrect.  Before  reading  press 
the  nrinometer  gently  down  into  the  liquid  and  then  allow  it  to  rise,  and 
wait  until  it  is  at  rest. 

Eacli  nrinometer  is  graduated  for  a  certain  temperature,  which  is  marked 
on  the  iustrument,  or  at  least  on  the  best.  If  the  urine  k  not  at  the  proper 
temperature,  the  following  corrections  must  be  made:  For  every  three 
degrees  above  the  normal  temperature  one  unit  of  the  last  order  is  added  to 
the  reading,  and  for  every  three  degrees  below  the  normal  temperature  one 
unit  (as  above)  is  subtracted  from  the  specific  gravity  observed.  For  exam- 
pie,  when  a  urinonieter  graduated  for  H-  15*^  C,  shows  a  specific  gravity  of 
1.017  at  +  24°  C,  then  the  specific  gravity  at  +  15"  C.  -  1.017  +  0.003 
=  1.020. 

When  great  exactitude  is  required,  as,  for  instance,  a  determination  to 
the  fourth  decimal  point,  we  make  use  of  a  nrinometer  constructed  by 
LoHNSTEiN.*  JotLEs'  has  also  devised  a  small  urinonieter  for  the  deter* 
minatioo  of  the  specific  gravity  of  small  amounts  of  urine,  20-25  c.c.  The 
specitic  gravity  may  also  be  determined  by  the  Westphal  hydrostatic 
balance* 
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II.  Orjgraiiic  PhyHiologrieal  Constituents  of  the  Friiie, 

Urea,  Ur,  whicli  is  ordinarily  considered  as  carbaniid,  CO(Nnj,  ,inAy 
be  synthetically  prepared  in  several  different  ways,  namely,  from  carbonjl* 
chloride,  or  carbonic-acid  etliyl-ether  and  ammonia^  C0Cl^+2NII,  = 
C0(N1I,),  +  2nCl,  or  (C,U.)..O..CO  +  2NH.  =  2(C,n..0H)  +  CO.(NH),; 
by  the  metameric  decomposition  of  ammonium  cyanate,  CO.N.NII^  = 
CO(NH^),  (WuHLER,  1828);  and  in  many  otber  ways*  It  is  also  fanned 
by  the  decomposition  or  oxidation  of  certain  bodies  fonnd  la  the  amnut 
organism,  suoh  as  creatin  and  uric  acid. 

Urea  is  found  most  abundant  in  the  urine  of  carmrora  and  man,  but  in 
smaller  quantities  in  that  of  berhivora.  The  f^nantity  in  human  arine  ii 
ordinarily  20-30  p.  m.  It  liaa  also  been  fonnd  in  small  qnantitie«  in  tl» 
nrine  of  amphibians,  fishes,  and  certain  birds.  Urea  occurs  in  the  perepii*- 
tion  in  small  quantities,  and  as  traces  in  the  blood  and  in  most  of  the 
animal  flnids.  It  also  occurs  in  rather  large  quantities  in  the  blood,  liTer» 
muscle*  and  bile'  of  sharks.  Urea  is  also  found  in  certain  tissaes  uni 
organs  of  mammals,  especially  in  the  liver  and  spleen,  although  onlj  ia 
small  amounts.  Under  pathological  conditionsi.  as  in  obstructed  excretion, 
nrea  may  appear  to  a  considerable  extent  in  the  animal  fluids  and  tissues, 
ScHONDOHFF*  finds  that  the  quantity  of  urea  in  the  organs  of  a  dog  fed 
witb  meat  is,  with  the  exception  of  the  muscles  (0.884  p.  m.),  the  heart 
(1*734  p.  m.),  and  the  kidneys  (6.()9o  p.  m.),  about  the  same  as  the  blood, 
or  an  aTerage  of  1.2  p.  m.  In  human  blood  the  quantity  of  nrea  on  a 
mixed  diet  was  0.611  p.  m, ,  and  about  the  same  quantity  wm  fonnd  in 
woman's  milk  and  the  amniotic  tluid. 

The  quantity  of  urea  which  is  voided  in  24  hours  on  a  mixed  diet  is  in 
a  grown  man  about  30  grms.,  in  women  somewhat  le.ss.  While  children 
void  less,  the  excretion  relatiTe  to  their  body -weight  is  greater  thin  ifl 
grown  persons.  The  physiological  significance  of  urea  lies  in  the  M 
tlmt  this  body  forms  in  man  and  carnivora,  from  a  quantitative  standpomti 
the  most  important  nitrogenous  final  product  of  the  metabolism  of  proteid 
bodies.  On  this  account  the  elimination  of  urea  varies  to  a  great  eitei^t 
with  the  katabolisoi  of  the  proteid,  and  above  all  with  the  quantity  of 
absorbable  proteida  in  the  food  taken.  The  elimination  of  urea  is  greatest 
after  an  exclusive  meat  diet,  and  lowest,  indeed  less  than  during  starratioOi 
after  the  consumption  of  n on- nitrogenous  bodies,  for  th^e  diminish  the 
metabolism  of  the  proteids  of  the  body. 

If  the  consumption  of  the  proteids  of  the  body  is  increased,  then  the 
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t  T,  Schr&der.  Zeitscbr.  f.  physiol  Chem.,  Bd.  14. 
*  Hammarsleti,  ibid.,  Bd.  24 
•PMgcr'sArcb.,  Bd.  74 
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elimination  of  nitrogen  is  conreBpondingly  increased.  This  is  fotinr]  to  be 
the  ease  in  feTers,  cachexia,  diabetes,  after  poiBoiiing  with  arsenic,  antimony, 
phospborns,  and  other  protoplaBm  poisonB,  by  a  diminiBbed  Bupply  of  oxygen 
— as  in  Bevere  and  continnous  dyapncpa,  poisoning  with  carbon  monoxide, 
hemorrhage,  etc.  In  these  caseB  it  used  to  be  considered  that  it  was  dne  to 
an  increased  elimination  of  nrea,  becauBe  no  exact  difTereiice  was  made 
between  the  quantity  of  nrea  and  the  total  quantity  of  nitrogen  in  the 
nrine*  Recent  researches  have  conclasirely  demonstrated  the  tin  trust- 
wortliinesa  of  these  observations.  Since  PflCoer  and  Boiiland  have 
shown  that  16^  of  the  total  nitrogen  of  the  urine  exists  under  physiological 
conditions  as  other  combinations,  not  nrea,  attention  has  been  called  to 
the  relationship  of  the  different  nitrogenous  conetituenta  of  the  nrine  to 
each  other,  and  it  has  been  found,  under  pathological  conditions,  that  this 
relationship  may  vary  very  considerably,  especially  in  regard  to  the  urea. 
We  have  nnmerons  determinations  by  dilTerent  investigators,  such  as  Boh- 

LAND,  E.   ScnULTZE,  CaMEHER,  VoGES,   MoRNER  and  SjOQVIST,  (iUMLICH, 

BdoTKEE,^  and  others,  on  the  relationship  of  the  di^Terent  nitrogenona 
const!  tnents  to  each  other  in  normal  urine  of  ad  nits.  Sjoqvist  has  made 
similar  determinations  on  new-born  babes  from  1-7  days.  old.  From  all 
these  analyses  we  obtain  the  following  figures  (A  for  adults  and  B  for  new- 
born babes).     Of  the  total  nitrogen^  we  have: 

A  B 

Urea.... 84-91^  7a-763f 

Ammonia .*.., 2^5  7.8*9.6 

Trie  iicid ., .....     1-3  8.0-8.5 

RemHioing  tiitrogeDeoua  Bubstances  (extractives). . . .     7-12  7.8-14.7 

The  different  relationship  between  nric  acid,  ammonia,  and  nrea  nitrogen 
in  children  and  adults  is  remarkable^  since  the  nrine  of  children  is  consider- 
ably richer  in  nric  acid  and  ammonia,  and  considerably  poorer  in  nrea,  than 
the  nrine  of  adults.  The  absolute  quantity  of  nrea  nitrogen  in  adults 
amounts  to  about  lO-lG  grms.  per  day.  In  disease  the  proportion  of 
the  nitrogenous  substances  may  be  markedly  changed,  and  a  decrease  in 
the  quantity  of  urea  and  an  increase  in  the  quantity  of  ammonia  have  been 
observed  in  certain  diseases  of  the  liver.  This  will  be  treated  of  in  detail 
in  connection  with  the  formation  of  nrea  in  the  liver.  It  is  natural  that 
there  is  a  diminished  formation  of  urea  in  diminished  administration  of 
proteid^  or  diminished  katabolism  of  proteids.     In  diseases  of  the  kidneys 

»  Pflftger  and  Bobland.  PflOgers  Arch.,  Bdd.  m  and  43  •  Bohland,  ibid.,  Bd.  48: 
fichuUze.  ittid.,  Bd.  45;  Caintrer.  ZeilBChr.  f.  Biologie,  Bdd.  24,  27,  aud  28;  Vogcs, 
Ueber  die  Mbcbutig  der  «iJ€k»tciffhahigea  Bestandtbeile  ini  Ham,  etc.  (Inaug.^Diss,, 
B<5rJ1n,  1893)  cited  from  Maljr's  Jahresber..  Bd.  22;  K,  MOroer  and  SjOqvkt.  8kand, 
Arth.  f.  Physiol.,  Bd,  2.  See  also  SjOqvist.  Nord.  med.  Arkiv.,  1892,  No.  M.  and  1H94, 
No.  10:  GumUch,  Zeitschr.  f.  pbytiol.  Cbem..  Bd.  17;  Bjkitker,  seeMaly's  Jabresln^r., 
Bd.  20. 
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ivhich  disturb  or  deetroy  the  integrity  of  the  epitheliiim  of  the  tortuom 
urinary  passages  the  elimination  of  urea  is  considerably  diminished* 

Formation  of  Irea  iji  the  Organism.  The  experiments  to  product hk*. 
directly  from  proteids  by  oxidation  have  not  led  to  any  positive  resnlti 
Among  the  basic  bodies  occurring  in  the  hydrolytic  cleavage  prodacte  of 
proteida  we  find  lyaatin  and  arginin,  which  are  also  formed  in  trj'ptic  diges- 
tion, and  these  bodies  yiehl  urea  by  the  action  of  alkalies  (Chapter  II)^  It 
is  therefore  possible  to  prepare  urea  by  the  hydrolytic  cleavage  of  proteida, 
with  these  bodies  as  intermediate  products^  and  according  to  Drechsel 
about  lO,'^  of  the  urea  may  be  accounted  for  in  this  way,  A  part  of  tlw 
urea  may  be  produced  by  tlie  action  of  alkalies  on  creatin  or  creatinin. 

The  amido-acids  are  also  considered  as  mother-substances  of  urea.  Bf 
the  researches  of  Schtltzen  and  Nencki  and  Salkowski  with  leucinwd 
glycocoll  and  those  of  v.  Kniekiem  with  aaparagin,  it  has  been  shown  th>t 
the  amido-acids  are  in  part  converted  into  nrea  in  the  animal  organism. 
Recent  investigations  by  Balaskix  with  the  three  amido-acids,  gfycocoU, 
leuciii,  and  aspartic  acid,  liave  immistakably  shown  that  the  litiug  dog- 
liver,  supplied  with  arterial  blood,  has  the  property  of  transforming  tbeaiwfe 
amido-acids  into  urea  or  a  closely  allied  substance.  The  researches  d 
LoEWi  with  the  **  urea-forming  ^'  enzyme  of  the  liver,  discovered  b; 
RicuTET,  and  glycocoll  or  leucin,  as  also  the  researches  of  Ascou/  hate 
led  to  similar  results.  Xothing  can  be  stated  in  regard  to  the  extent  of 
formation  of  amido-acids  in  the  physiological  destruction  of  proteidu  in  tie 
animal  body,  with  the  exception  of  those  formed  in  the  intestinal  digestion. 
The  possibility  of  such  a  formation  of  urea  is  beyond  dispute. 

Nothing  positive  can  be  said  in  regard  to  the  manner  in  which  the 
formation  of  nrea  originates;  hot  it  is  admitted  that  it  is  partly  an  ammom* 
formation  and  partly  the  formation  of  carbamic  acid. 

The  possibility  of  a  formation  of  urea  from  ammonia  has  been  poail 
ehowu.  Thus  the  researches  of  v.  Knieriem,  Salkowski,  F 
L  Hunk,  C^okanda,  8cumiedebekg  and  Fn.  Walter,  and  HaUI*" 
WOK  DEN,'  on  the  behavior  of  animooiura  salts  in  the  animal  body  aud  th* 
elimination  of  the  ammonia  under  various  conditions,  have  shown  thitoot 
<"nly  ammonium  carbonate,  but  also  such  ammonium  salts  which  are  boriA. 
into  carbonate  in  the  organism  are  transformed  into  urea  by  camivort  i* 
well  as  herbivora.     y.   ScnROEDEU,'  by  irrigating  the  living  dog's  li^fi^ 

*  Schullzen  and  Keucki,  ZeiticUr.  f.  Biologle,  Bd.  8;  v.  Euleriem.  ibid.,  Bd-  10 »l 
Salkowski,  Zeitschr.  f.  physiol.  Cliem..  Bd.  4;  Sakskiu,  ibid.,  Bd*  25;  Loewi,  i^-r 
Bd.  25  ;  Rlcbteu  Compt.  rend.,  Tome  113,  aod  Compt.  read.  soc.  biol.,  Tome  48  ;  AscoltJ 
Pfitlger's  Arch.,  Bd.  72. 

*  V.  Knieriem,  Zeiteclir.  t  Biologie,  Bd.  10;  Fedur,  ibid.,  Bd,  IS;  Salkowski,  Z^il^ 
schr.  r  Biologic,  Bd,  1 ;  Munk»  ibid.,  Bd.  2  ;  Coraodn,  AicU.  f.  exp.  Paib.  u,  Phina.,  j 
Bd,  13;  Schmkdeberg  aud  Walter,  ibid.,  Ik\.  7;  H»nerwordeD.  ibid,,  Bd.  10. 

"  Arch.  f.  exp.  PaLh.  u.  Pharm.^  Bd.  15.  See  also  Salomoa,  Virciiow*B  Arch.,  Bd.  f 
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witb  blood  treated  with  ammonium  carbonate  or  ammoninm  formate,  liaa 
fihown  that  the  formation  of  nrea  takes  place,  at  least  in  part,  in  this  organ. 
Nencki,  Pawlow  and  Zaleski  *  have  found  that  in  dogs  the  fjiiantitv  of 
ammonia  in  the  blood  from  the  portal  vein  is  about  3.5  times  greater  than 
from  the  hepatic  vein,  and  they  claim  that  the  liver  retains  in  great  part 
the  ammonia  supplied.  The  formation  of  urea  from  ammonia  in  the  liver 
is  a  positively  proved  fact,  and  the  urea  formation  from  ammoninm  carbonate 
is  to  be  considered  as  a  synthesis  with  the  elimination  of  water. 

We  have  also  important  observations  which  give  support  to  the  views  of 
ScHL'LTZEN  and  Nekcki/  namely,  that  the  amido-acids  are  transformed 
into  nrea  with  carbamic  acid  as  an  intermediate  step.  Dkechsel  haa 
fihown  that  the  amido-acids  yield  carbamic  acids  by  oxidation  in  alkaline 
fin  id  ontside  of  the  organism,  and  he  obtained  nrea  from  ammonium  car- 
bamate by  pasfiing  an  alternate  electric  current  through  itssolntion,  namely, 
by  alternate  oxidation  and  reduction*  Ureciisel  has  also  been  able  to 
detect  small  quantities  of  carbamates  in  blood,  and  later  in  conjunction  with 
Abel  he  detected  carbamic  acid  in  alkaline  horse's  urine.  Drechsel 
therefore  accepts  tlie  formation  of  nrea  from  ammoninm  carbamate,  and 
according  to  him  the  alternating  oxidation  and  reduction  take  place  in  the 
following  way: 


imd 


h,n,o.co.:nh,  +  0  =  n.N.o.co.NH,  +  h,o 


II.N.O.CO.NII,  +  H,  =  H,N.CO.NII,  +  11,0. 

Urea 


Abel  and  Muirhead*  have  later  observed  an  abundant  elimination  of 
■carbamic  acid  in  human  and  dog's  orine  after  the  administration  of  large 
quantities  of  milk  of  lime,  and  the  probability  of  the  regular  appearance  of 
this  acid  in  normal  acid  human  and  dog*8  nrine  has  been  demonstrated  by 
M*  Nekcki  and  IIahn.*  These  last-mentioned  investigators  have  also 
given  very  important  support  to  the  theory  of  the  formation  of  urea  from 
ammoninm  carbamate  by  observations  on  dogs  witli  Eck's  fistula.  In  tbig 
ease  the  portal  vein  is  directly  connected  with  the  inferior  vena  cava,  and  a 
communication  is  thus  established  so  that  the  blood  of  the  portal  vein  flows 
directly  into  the  vena  cava,  without  passing  through  the  liver.  Nekcki 
and  Hahn  observed  violent  symptoms  of  poisoning  in  dogs  operated  upon 


*  Arch,  des  aclencea  biol.  de  St.  Pelersboiirg.  Tome  4. 
»  Zelisrhr.  f.  Biologie,  Bd.  8. 

'  Drechsel,  Ber,  d.  sftcha.  Oesellscb.  d.  Wisseuach.,  1875.  See  alio  Jouni.  f*  prakt. 
Chem.  iN.  F.).  Bdd.  12,  16.  and  22 ;  Aljel.  Dii  Bois-Reymond^a  Arch.,  1891 ;  Abel  and 
Muirbead,  Arch.  f.  exp.  Path,  \h  PbiiruL,  Bd.  3L 

*  Hahn,  Musscd,  Nctickt  ai  Puwiow,  La  tistule  d'Eek  de  la  veiDc  cave  infcrletir  ct  de 
la  veine  portt*,  etc.    Arch,  des  scieoced  biuL  de  St.  Petersbourg,  Tome  1,  No.  4,  16t2. 


414 


URINE. 


by  Pawu»w  and  MjiB8Eif,  and  these  gymptoms  were  quite  ideDtieml  with 
iboae  obtaioed  on  introducing  carbamate  into  the  blood.  Theee  symptoms 
also  appear  after  the  introdaetion  of  carbamate  into  the  stomach,  while  the 
introduetion  of  carbamate  into  the  stomach  of  a  normal  dog  had  no  action. 
As  these  obserrers  also  fonnd  that  the  nrine  of  the  dog  on  which  the  opera- 
tion was  made  was  richer  in  carbamate  than  that  of  the  normal  dog,  thejr 
conclnde  that  the  symptoms  were  due  to  the  non-transformation  of  the 
ammonium  carbamate  into  nrea  in  the  lirer,  and  they  consider  the  am- 
moninm  carbamate  as  the  substance  from  which  the  nrea  is  derive^l  in  the 
liver  of  mam  mats. 

The  Tiew  as  to  the  formation  of  nrea  from  ammoninm  carbamate  does 
not  contradict  the  above  statement  as  to  the  transformation  of  carbonates 
into  nrea«  since  we  can  imagine  tliat  the  carbonate  is  first  converte^J  into 
carbamate  with  the  expnlaion  of  a  molecnle  of  water,  and  that  this  then  is 
transformed  into  nrea  with  the  expalston  of  a  second  molecnle  of  water. 

F,  IIoPM£isTER '  has  foond  in  the  oxidation  of  different  members  of 
the  fatty  series,  as  well  as  in  amido-acidsand  proteids,  that  nrea  was  formed 
in  the  ])re8ence  of  ammonia,  and  he  therefore  suggests  the  possibility  that 
nrea  may  be  formed  by  an  oxidation-synthesis.  According  to  him,  in  the 
oxidation  of  nitrogenous  substances  a  radical  CONH^,  containing  the 
amido-gronp,  unites  at  the  moment  of  formation  with  the  radical  XH, 
remaining  on  the  oxidation  of  nramonia,  forming  nrea. 

Besides  the  above-mentioned  theories  as  to  the  formation  of  nrea,  we 
have  others  which  will  not  be  given,  because  the  only  theory  which  has  thus 
far  been  positively  demonstrated  is  the  formation  of  urea  from  ammoniom 
compounds  and  amido-acids  in  the  liver. 

The  liver  is  the  only  organ  in  which,  up  to  the  present  time,  a  formation 
of  urea  has  been  directly  detected ;  *  and  the  question  arises,  what  importance 
hai  this  nrea  formation  taking  place  in  the  liver?  Is  the  urea  wholly 
or  chiefly  formed  in  the  liver? 

If  the  liver  is  the  only  organ  forming  nrea  it  is  to  be  expected,  on  the 
extirpation  or  atroj)hy  of  that  organ,  that  a  reduced  or,  in  short  experiments, 
at  least  a  strongly  diminished  eii mi  nation  of  urea  occurs*  Ah  at  least  a  part 
of  the  urea  is  formed  in  the  liver  from  ammonium  compounds,  a  simul- 
taneous increiise  in  the  elimination  of  ammonia  is  to  be  expected. 

The  extirpation  and  atrophy  experiments  on  animals  made  by  di^erent 
methods  by  Nencki  and  Hahk,  Slosse,  Lieblein,  Nencki  and  Pawlow* 

*  Arch.  f.  cxp.  Path.  u.  Pbarm..  Bd.  37. 

•  In  rrgart!  to  Ui©  inveatlgAlioM  of  Prevost  and  Dumihs,  Meisaner,  Volt,  Grehant, 
Gschclrllvn  and  Salkowski,  and  others,  on  the  role  of  the  kidiiey«  in  the  formatioo  of 
UTCiu  s*e«?  y.  Bc!hiocdcr.  Arch.  f.  exp.  Path.  \h  Pharm.,  Bdd.  15  and  19,  and  Vo!i»  Zeit* 
tchr.  f.  Biologic.  Bd.  4. 

'  Nonckl  and  Hubii,  1.  c;  S1ob»»\  Dvi  Bois  Reymond*8  Arch.,  1S90  ;  Lieblcin,  Arch. 
f.  exp»  Piilh.  ij.  Phrtrm,,  Bd.  83  ;  Ncurki  iin<l  Pawlow,  Arch,  dea  icienc*  de  St.  Petera- 
bourg«  Tomi  5.    See  iileo  ▼.  Mcister,  Maly's  Jahrcsbcr* ,  Bd«  36, 
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h^fe  shown  tbat  a  rather  marked  iacreaee  of  ammonia  and  a  diminished 
dimination  of  nrea  take  place  after  the  operation,  btit  also  that  there  are 
caa^e  in  which,  irrespective  of  the  pronounced  atrophy,  an  abundant  forma- 
tion of  urea  occurs,  and  no  appreciable  if  any  change  in  the  proportion 
^f  ammonia  to  the  total  nitrogen  and  urea  is  observed.     After  extirjiation 
^'    the  organs  of  the  posterior  part  of  the  body,  especially  the  liver  and 
^idneys,  from  the  circulation  Kaufmank*  also  found  an  important  increiise 
•^  the  nrea  of  the  blood,  and  these  different  observations  8how  that  the  liver 
^    Dot  the  only  organ,  in  the  various  animals  experimented  upon,  in  which 
^te&  IB  formed. 

The  observations  made  by  numerouB  investigators'  on  human  beings 
"^th  cirrhosis  of  the  liver,  acute  yellow  atrophy,  and  phosphorus  poisoning 
tave  led  to  the  same  result.  We  learn  from  these  investigations  that  m 
Certain  cases  the  proportion  of  tbe  nitrogenous  substances  may  be  so  changed 
that  nrea  is  only  50-60;^  of  the  total  nitrogen,  while  in  other  caaes,  on  the 
Contrary,  even  in  very  extensive  atrophy  of  the  liver-cells,  tbe  formation  of 
tirea  is  not  diminiBhed,  neither  is  tbe  proportion  between  the  total  nitrogen, 
urea,  and  ammonia  essentially  changed.  Even  in  the  cases  in  which  tbe 
formation  of  nrea  waa  relatively  diminished  and  the  elimination  of  ammonia 
considerably  increased  we  must  not  without  further  investigation  aFBunie  a 
Ted  need  ability  of  the  organiam  to  produce  urea.  An  increiised  elimiuiitjon 
of  ammonia  may,  as  shown  by  MOkzer  in  the  case  of  acute  phosphorus 
poisoning,  be  dependent  upon  the  formation  of  abnormally  large  qujiutities 
of  acids,  caused  by  abnormal  metabolism,  and  these  acids  require  li  greater 
quantity  of  ammonia  for  their  neutnilization  according  to  the  law  of  the 
elimination  of  ammonia,  which  will  be  given  later. 

For  the  present  we  are  not  justified  in  the  statement  that  the  liver  is 
the  only  organ  in  which  nrea  is  formed,  aod  continued  investigation  only 
can  yield  further  information  as  to  the  extent  and  importance  of  the  forma- 

■  tion  of  nrea  from  ammonia  compounds  in  the  liver. 
Praperiies  and  Reactions  of  Urea.  Urea  crystallizes  in  needles  or  in 
long,  colorless,  fonr-aided,  often  hollow,  anhydrous  rhombic  prisms.  It  has 
a  neutral  reaction  and  produces  a  cooling  sensation  on  the  tongue  like  salt- 
petre. It  melts  at  130-132°  C,  but  already  decomposes  at  about  100''  C. 
At  ordinary  temperatures  it  dissolves  in  equal  weight  of  water  and  in  five 
parts  alcohol;  it  requires  one  part  boiling  alcohol  for  solution;  it  is  insolnble 


I 


*  Compt.  rt-nd.  Soc.  biol..  Tonif  46,  aod  Arch,  de  Physiol.  (5).  Tome  6. 

■Sec  Hallerworden,  Arch.  f.  exp.  Piitb,  u.  Plmnn.,  Bd.  12;  Weinlraud,  ibid.t  Bd. 
81  ;  3Ianzer  and  Winierberg,  ibid.,  BtL  33  ;  Stadelnmiin,  Ikuisch.  Arch.  f.  kliu.  Med., 
Bd.  38  ;  Fawilzki,  ibifL,  Bd.  45  ;  MUnzer,  ibid,,  Bd,  52  :  Fiilokel.  Berlin,  kliu,  Wocheo- 
iChr.,  1878  ;  Richter,  ibid.,  ISDtJ  ,  MLVrn<Taiid  Sjiiqvist.  Skarid.  Arcli.  f,  Physird,,  Bd,  2, 
md  SjOqvist.  Kord.  Med.  Arkiv.,  1892  .  Gumlieh.  Zcllscbr.  f.  phjsIoL  Ch'em.,  Be],  17  ; 
▼.  Noorden,  Lebrb,  d.  Palhol  cles  Stoffwechsels,  S,  287. 
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ill  alcohol-free  ether,  and  also  in  chloroform.  If  nrea  in  substance  it  heitd 
m  a  test-tube,  it  melts^  decomposeB,  gives  off  ammonia,  and  leavoB  finiUji 
non-fcrauaparent  white  residue  which,  among  other  substances,  contaioi 
also  cjaniiric  acid  and  biuret^  which  dissolves  in  water,  giving  a  beantifnl 
reddish- violet  liqaid  with  copper  snlphate  and  alkali  {biuret  reaciim).  Oa 
heating  with  baryta' water  or  caustic  alkali,  also  in  the  so-called  aUadiQA 
fermGntation  of  urine  caused  by  micro-organisms,  urea  splits  into  carbon 
dioxide  and  ammonia  with  the  addition  of  water.  The  same  deeomposition 
products  are  produced  when  urea  is  heated  with  concentrated  sulpbimc 
acid.  An  alkaline  solutiou  of  sodium  hypobromite  decomposes  urea  ioto 
nitrogen,  carbon  dioxide,  and  water  according  to  the  equation 

CON,H,  +  3NaOBr  =  3NaBr  +  CO,  +  2H,0  +  N,. 

With  a  concentrated  solution  of  furfnrol  and  hydrochloric  acid  area  In 
substance  gives  a  coloration  passing  from  yellow,  green,  blue,  to  violet,  ftzid 
then  beautiful  purple-violet  after  a  few  minutes  (Schiff's  reaction). 
According  to  Hliteht'  the  test  is  best  performed  by  taking  2  c,c,  of  i 
•oncentrated  furfurol  solution,  4-6  drops  concentrated  hydrochloric  acid, 
and  adding  to  this  mixture,  which  must  not  be  red,  a  small  crystal  of  nrea. 
A  deep  violet  coloration  appears  in  a  few  mi  notes. 

Urea  forms  crystalline  combinations  with  many  acids.  Among  theflo 
the  one  with  nitric  acid  and  the  one  with  oxalic  acid  are  the  most  iniportoot. 

Urea  Xithate^  CO(Xn,),JIXO,.  On  crystallizing  quickly  this  com* 
bination  forms  thin  rhombic  or  six-sided  overlapping  tiles,  colorless  pl»te*i 
whose  point  has  an  angle  of  82"*,  When  crystallizing  slowly,  larger  ft^ 
thicker  rhombic  pillars  or  plates  are  obtained.  This  combination  is  ratb-^ 
easily  soluble  in  pure  water,  but  is  considerably  less  soluble  in  water  cO' 
taining  nitric  acid;  it  may  be  obtained  by  treating  a  concentrated  solati^ 
of  urea  witli  an  excess  of  strong  nitric  acid  free  from  nitrous  acid,  C- 
heati ug  this  combi nation  it  volattltzes  without  leaving  a  residue. 

This  crimfu>uiid  miiy  he  employed  wiili  ndvHntugu  in  detwtlnff  small  nmouDts  ^ 
ureii*  A  <imp  of  i!ie  roiicent ruled  solulioo  h  placed  on  ii  niicroiscope  i^lkle  juid  U3 
covtji-g^hiss  |)laccd  \ipon  it;  h  rlrop  of  nitric  acid  m  ilieii  pl&ced  od  tlie  side  of  tbe  cov<r 
glitas  iind  ullowed  lo  How  under.  The  fonimiion  of  ervslaU  beijins  wbvre  ihe  aohillo 
and  ibe  nitric  actd  iiiect.  Alkrdi  nitrates  may  crystttUize  very  stmiiurly  to  urea  tdtr^ 
wbeu  they  nre  con tjimiiiatcil  with  other  bodies;  liKMefori',  in  testing  for  urea,  Ibc  cry 
lala  must  he  ideutlikd  aa  iitcn  nitrate  by  beating  iind  by  otbcr  means, 

Ueea  Oxalate*  2.C0(NH,),.n,C,0^.  This  compound  is  more  spap 
ingly  soluble  in  water  than  the  nitric*acid  compound.  It  is  obtained  ii 
rhombic  or  six-sided  prisms  or  phttea  on  adding  a  saturated  oxalic-acj< 
Bolution  to  a  concentrated  solntion  of  urea. 

Urea  also  forms  combinations  with  mercnric  nitrate  in  variable  proper 


ESTIMATION  OF  UREA, 


417 


If  a  very  faintly  acid  tnercuric-nitrate  solntion  is  added  to  a 
two-per-cent  solution  of  urea  and  the  mixture  carefnlly  neutralized,  a 
combination  is  obtained  of  a  constant  composition  whicli  contains  for  e^ery 
10  parte  of  nrea  72  parts  mercuric  oxide.  This  compound  serves  as  the 
basis  of  Liebig's  titration  method.  Urea  combines  also  with  salts,  forming 
mostly  crystal lizable  combinations,  as,  for  instance,  with  sodiuni  chloride, 
with  the  chlorides  of  the  heavy  metals,  etc.  An  alkaline  hot  not  a  neulr  ^ 
■lolotion  of  nrea  is  precipitated  with  mercuric  chloride. 

■Kid 

Kb 


If  urea  is  dissolved  iu  dilute  liydrocliloric  iicid  and  \hvn  au  excess  of  fornmldeliydti 
ded*  a  tiiick»   white,  gnmular  pTecipilnlL-  is  oblamed  which  is  diflicuUly  sohjble  and 
|WbOK  comptiaition   is  sumewbat  disputed/    With  phi'iiyl-hydra^iy,  urea  in  siruiiti;  acetic 
Id  giv'ea  a  €oh»rless  crystaUiuc  combination  of  idiCDjl  ^si-micarbazld.   C#HaNILNH, 
NHi, which  Is  RoUible  with  difHciitty  in  cold  water,  and  melts  at  172"  C\  (Jaff^*). 


The  method  of  preparing  nrea  from  nrine  is  chiefly  as  follows:  Concen* 
trate  the  nrine,  which  haa  been  faiutly  acidified  with  sniphnric  acid,  at  a 
low  temperature^  adVl  an  excess  of  nitric  acid,  at  the  Siime  time  keeping  the 
mixture  cool,  press  the  precipitate  well,  decompose  it  in  water  with  freehly 
precipitated  barium  carbonate,  dry  on  the  water-bath,  extract  the  residoe 
with  strong  alcohol,  decolorize  when  necessary  with  animal  charcoal,  and 
filter  while  warm.  The  urea  which  crystallizes  on  cooling  is  purified  by 
recrystallization  from  warm  alcohol.  A  further  quantity  of  urea  may  he 
obtained  from  the  mother-liquor  by  concentration.  The  urea  is  purified 
from  contaminating  mineral  bodies  by  redissolving  in  alcohol-ether.  If  it 
is  only  necessary  to  detect  the  presence  of  urea  in  urine,  it  is  suflicieut  to 
concentrate  a  little  of  the  nrine  on  a  watch-glaaa  and,  after  cooling,  treat 
with  an  excess  of  nitric  acid.     In  this  way  we  ohtait^  crystals  of  nrea  nitrate. 

Quantitative  Fstinuition  of  the  Total  Xiirofjen  and  Urea  in  I 'fine* 
Among  the  various  methods  proposed  for  tlie  estimation  of  the  total  nitro- 
■  gen,  that  suggested  by  Kjeldahl  is  to  be  recomuieDded*  But  as  Liebig's 
I  method  for  the  estimation  of  urea  is  really  a  method  for  determining  the 
total  nitrogen,  and  as  the  physician  has  not  always  at  hand  the  apparatus 
and  utensils  necessary  for  a  Kjeldahl  determination,  he  often  makes  use 
of  this  method ;  hence  it  will  be  given  in  detail. 

Kjeldaiil*s  method  consists  in  transforming  all  the  nitrogen  of  the 
organic  substances  into  ammonia  by  heating  with  a  gnfficiently  concentrated 
Enlphnric  acid.  The  ammonia  is  distilled  oi!  after  supersatarating  with 
alkali,  and  the  ammonia  collected  in  standard  suiphnric  acid.  The  follow- 
lag  reagents  are  necessary. 

1.  Sulphuric  Acid.  Either  a  mixture  of  equal  volnmes  pur©  concen- 
trated and  fuming  suiphnric  acid  or  else  a  solution  of  200  grms,  phosphoric 
anhydride  in  1  litre  pure  concentrated  snlphuric  acid.  2.  Caustic  soda  iteQ 
from  nitrates,  30-40*^  solution.  The  quantity  of  this  causttc-soda  solution 
necessary  to  neutralize  10  c.c,  of  the  acid  mixtore  must  be  determined. 
3.  Metallic  mercury  or  pure  yellow  mercuric  oxide,  (The  addition  of  this 
facilitates  the  deatrnction  of  the  organic  snbstances,)     4.  A  potass itwi'Su!- 


»  Sec  ToHena  and  Ms  pupils,  Ber,  d.  deulscli.  cbeiiL  GeaeUsch.,  Bd.  2a,  S  2751 ; 
Goldschmidt,  iMd.,  Bd.  2fi,  and  Chem.  CentralbL,  14J97,  Bd.  1,  8.  38 ;  Tkoms,  ibid,,  Bd. 
2,  8.  144  and  737. 

*  ZeiUchr.  f.  phyilol.  Chem.,  Bd.  22. 
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phide  solation  of  4<^,  whose  object  is  to  decompose  any  mercuric  amid 
coinbiaation  which  might  not  evolve  its  ammoniti  completely  on  distillatioa 
with  cans  tic  soda.     5.  |  normal  siilphnnc  acid  and  |  normal  caustic  potaih. 

In  performin|2^  the  determination  5  c»c.  of  the  carefiillj  measured  filtered 
urine  ia  placed  in  a  long-necked  Kjeldahl  flask,  a  drop  of  mercury  or 
abont  0.3  grm.  mercuric  oxide  aiided,  aiui  then  treated  with  10-15  c,c.  of 
the  afcrong  siilpburic  acid.  The  contents  are  heated  very  carefully,  placiag 
the  flask  at  an  angle,  until  it  jnat  begins  to  boil  gently,  and  continue  this 
for  about  half  an  hour  or  until  the  mixture  ia  colorless.  On  oooliog  the 
contents  are  transferred  to  a  voluminous  distilling  iiaak,  carefully  washing 
the  Kjeloahl  flask  with  water,  and  the  greater  part  of  the  acid  is  neutTalize<l 
by  caustic  soda,  A  few  zinc  shavings  are  added  to  prevent  too  rapid 
eballition  on  distillation,  and  then  an  eicesa  of  caustic-soda  solution,  whicli 
has  previously  been  treated  with  30-40  c.c.  of  the  potassium-sulphide  solu- 
tion. The  fiask  ia  qnickly  connected  with  the  condenser  tube  and  all  the 
ammonia  distilled  oft.  In  order  to  prevent  loss  of  ammonia  it  is  best  to 
lower  the  end  of  the  exit-tube  below  the  surface  of  the  acid,  and  the 
regurgitation  of  the  acid  is  prevented  by  having  a  bulb  blown  on  the  eiit- 
tube.  Not  less  than  SJ5-30  c-c.  of  the  standard  acid  is  used  for  e^erj 
5  c.c.  of  urine,  and  on  completion  of  the  distjllation  the  acid  is  retitrated 
with  l  normal  caustic  soda,  using  rosolic  acid,  tincture  of  cochineal,  or 
lacnioid  as  indicator.  Each  cubic  centimetre  of  the  acid  corresponds  ta 
2.8  milligrammes  nitrogen.  As  a  control  and  in  order  to  see  the  piiritjof 
the  reagents,  or  to  eliminate  any  error  caused  by  an  accidental  quantity  of 
ammonia  in  the  air,  we  always  make  a  blind  experiment  with  the  reagents. 

LiEBiG'a  METHOD  is  based  upon  the  fact  that  a  dilute  solution  of  me^ 
curie  nitrate  under  proper  conditions  precipitates  all  the  urea,  forming  a 
compound  of  constant  composition.  Aa  indicator,  a  soda  solution  or  a  thin 
paste  of  sodium  bicarbonate  is  used.  An  excess  of  mercuric  nitrate  produces 
herewith  a  yellow  or  yellowish-brown  combination,  while  the  combination 
of  urea  and  mercury  is  white.  Pfluoeh  '  has  given  full  particulars  of  this 
metliod;  therefore  we  will  describe  PFLUciEii's  modification  of  LlEBtG*s 
method. 

As  phosphoric  acid  is  also  precipitated  by  the  mercuric-nitrate  solutioDi 
this  must  be  removed  from  the  urine  by  the  addition  of  a  baryta  solution 
before  titration.     Pflugeh  also  suggested  that  the  acidity  produced  by  tb*] 
mercury  soUition  be  neutralized  during  titration  by  the  addition  of  asodfcj 
solution.     The  liquids  necessary  for  the  titration  are  the  following: 

1.  Mercuric  Nitrate  Solution.  This  solution  is  calculated  for  a  2'!  ure*^ 
Bolution,  and  20  c.c.  of  the  first  should  correspond  to  10  c.c.  of  the  latter 
Each  c.c.  of  the  mercury  solution  corresponds  to  0.01  grm,  urea.  As  *  ■ 
small  excess  of  IlgO  is  necessary  in  the  urine  to  make  the  final  reaction  ■ 
(with  alkali  carbonate  or  bicarbonate)  appear,  each  c.c.  of  the  mercurj 
aolution  must  contain  0.0772  instead  of  0.0720  grm.  IlgO.  The  mercury 
eolotion  contains  therefore  77.2  grms.  IlgO  in  one  litre. 

Tbe  solullon  may  h<i  prepared  from  pure  mercury  or  mercuric  oxide  by  dl& 
In  nitric  ticid.     The  solution,  freeni  a.^  compleU'ly  aa  possUile  from  an  exces*  of 
diluted  by  the  careful   addition  of  water,  allrriug  mean w bile,  uoiil  it  has  a  l^_... 
gravity  of  MO,  or  a  little  bigber.  at  -)-  ^*  0.    The  solution  is  itaodanlited  witb  a 
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Dhitfon  '^f  pure  urea  which  has  been  dried  over  aiilphnric  acid,  nnd  the  opemtion  con- 
luctei)  tis  will  be  ilescribed  latcT,  If  the  solutiou  ia  itH*  coucoDiiiiled,  ii  ia  conecied  hj 
be  curf>Uil  addiiion  of  tbe  nt'cessary  atiiimiit  of  wuter,  uvoidio^  [jreciijiijUion  iA  ba^ic 
111,  and  titrating  again.  The  8idnii<tn  is  corrrct  if  19  8  c.  c.  of  it,  ndded  nt  once  to 
1  c.  0.  of  tbe  urea  solution  and  the  netessaiy  qimtdty  of  normal  feoda  wtbitiou  (ll-l:a 
,  c^  or  more)  U)  nearly  com pUittOy  ntutrnbzc*  tbf  it<4u id,  gives  tbe  tVoal  rejiction  when 
ractly  20  c.  c.  of  tbe  mercury  soUiticui  bas  been  empUiyed, 

2.  Baryta  Solution,     This  consists  of  1  toL  barium-nitrate  and  2  vols, 
jiin-hytlrate  solution,  both  saturated  at  the  onlinarj  temperature. 

Kormal  Soda  Sohttiou,  This  solution  contains  53  grnis.  jx^re  anhy- 
godiunn  carbonate  in  1  litre  of  water.  According  to  Pfluger  a 
on  having  a  specific  gmvity  of  L053  is  softicient.  The  amonnt  of  this 
oda  solution  necessary  to  completely  neutralize  the  acid  set  free  during  th^ 
"tration  is  determined  by  titrating  with  a  pure  2f^  nrea  soliUion.  To 
iaeilttate  operations  a  table  can  be  made  showing  tbe  quantity  of  soda  sola- 
Ion  necessary  when  from  10  to  35  c,c,  of  the  mercury  solution  is  used. 

Before  the  titration  tbe  following  mnst  be  considered.  The  chlorides  of 
be  nrine  interfere  with  the  titration  in  that  a  part  of  the  mercuric  uitralo 
y  traDsformed  into  mercuric  chloride,  which  does  not  precipitate  the  urea. 
the  chlorides  of  the  nrine  are  therefore  removed  by  asilver-nitrEite  solution^ 
hich  also  removes  any  bromine  or  iodine  combinations  which  niuv  exist  in 
;he  urine.  If  the  nrine  contains  proteid  in  noticeable  amounts,  it  must  be 
removed  by  coagulation  and  the  addition  of  acetic  acid^  but  care  must  be 
aken  that  the  concentration  and  the  volume  of  the  tirine  are  not  changed 
nring  these  operations.  If  the  nrine  contains  ammonium  carbonate  in 
iOtable  quantities,  cansed  by  alkaline  fermentation^  this  titration  method 
cannot  be  applied.  The  same  is  true  of  urine  containing  leucin,  tyrosin,  or 
medicinal  preparations  precipitated  by  mercuric  nitrate. 

In  cases  where  the  nrine  is  free  from  proteid  or  sugar  and  not  specially 

T  in  chlorides,  the  quantity  of  nrea,  and  also  the  approiiniate  quantity 

mercuric  nitrate  necessary  for  the  titration,  may  be  learned  from  the 

■cific  gravity.     A  specific  gravity  of  1.010  corresponds  to  about  10  p.  m., 

specific  gravity  of  1.015  generally  somewhat  less  than   15  p,  m.,  and  a 

ific  gravity  of  1.015-1.020  about  15-20  p.  nu  nrea.     With  a  specific 

vity  higher  than  1.0^0  the  nrine  generally  contains  more  than  20  p.  m. 

ff  urea,  and  above  this  point  the  anmunt  of  nrea  increases  nnich  more 

.pidly  than  the  specific  gravity,  so  that  with  a  specific  gravity  of  1.030  it 

contains  over  40  p,  m,   urea.      Fever-urines  with  a  specific  gravity  above 

1.020  sometimes  contain  30-40  p.  m.  nrea,  or  even  more. 

pREPAKATiov  FOR  THE  TiTUATiox.  If  a  large  amount  of  nrea  is  sns- 
ted  from  a  high  specific  gravity,  the  urine  must  first  be  diluted  with  a 
refolly  measured  quantity  o!  water,  so  that  the  amount  of  urea  is  reduced 
low  30  p.  m.  In  a  special  portion  of  the  same  urine  the  amount  of 
lorides  is  determined  by  oTie  of  the  methods  which  will  be  given  later,  and 
^Ilumber  of  c.c.  of  silver-nitrate  solution  necessary  ia  noted.  Then  a 
quantity  of  urine,  say  lOClc.c.,  is  mixed  with  one  half  or,  if  tJjis  is 
Bofficient  to  precipitate  all  the  sulphuric  and  phosphoric  acids,  with  an 
ual  volume  of  the  baryta  solution;  it  is  then  allowed  to  stand  a  little 
while,  and  the  precipitate  is  filtered  through  a  dried  filter.  From  the 
filtrate  containing  the  nrine  diluted  with  water  a  proper  quantity,  corre- 

i ponding  to  about  60  c.c.  of  the  original  urine,  is  measured,,  and  exjictljr 
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employed  is  known»  The  nentralized  mixtare  of  urine  and  baryta  is  treated 
with  the  proi)er  c|nantity  of  silver^iiitrate  solntion  necesisarj  to  completely 
precipitate  the  chlorides,  which  was  ascertained  Ly  a  previous  determini^- 
tion.  The  mixture,  containing  a  known  Tolome  of  urine,  is  now  filtered 
through  a  dried  fdter  into  a  flask,  and  from  the  fdtrate  an  amount  is  meas- 
ured corresponding  to  10  c.c.  of  the  original  urine* 

Execution  of  the  Titratiox.  Nearly  the  whole  qnantity  of  mercnric- 
nitrate  eolution  to  he  used,  and  which,  is  known  from  the  specific  gravity  of 
the  urine,  is  added  at  once,  and  immediately  afterwards  the  quantity  of 
soda  solution  necessary,  as  indicated  by  the  table.  If  the  mixtnre  becomes 
yellowish  in  color,  then  too  much  mercury  solution  has  been  added  and 
another  determination  must  be  made.  If  the  test  remains  white,  and  if  a 
drop  taken  out  and  placed  on  a  glass  plate  with  a  dark  background  and 
stirred  with  a  drop  of  a  thin  paste  of  sodium  bicarbonate  does  not  give  a 
jellow  color,  the  addition  of  mercury  solution  is  continued  by  adding  \  and 
then  ^  CO.,  and  testing  after  each  addition  in  the  following  way:  A  drop 
of  the  mixture  is  placed  on  a  glass  plate  with  a  dark  background  beside  a 
small  drop  of  the  bicarbonate  paste.  If  the  color  after  stirring  the  two 
drops  together  is  still  white  after  a  few  seconds,  then  more  mercury  solution 
must  be  added;  if,  on  the  contrary,  it  is  yellowish,  tlien — if  not  too  nmcli 
mercury  solution  has  been  abided  by  inattention — the  result  to  yj  c.c.  has 
been  found*  By  this  approximate  determination,  which  is  sufficient  in 
many  cases,  we  have  fixed  the  minimum  amount  of  mercury  solution  neces- 
sary  to  a<ld  to  the  quantity  of  urine  in  question,  and  we  now  proceed  to  the 
final  determination. 

A  second  quantity  of  the  filtrate,  corresponding  to  10  c.c.  of  the  original 
urine,  is  filtered,  and  the  same  quantity  of  mercnry  solution  added  at  one 
time  as  was  found  necessary  to  produce  the  final  reaction,  and  immediately 
after  the  corresponding  amount  of  soda  solution,  which  must  not  indicate 
the  end  of  the  reaction.  Then  add  the  mercnry  solntion  in  ^  c.c.  without 
neutralizing  with  soda,  nntil  a  drop  taken  out  and  mixed  with  the  soda 
solntion  gives  a  yellow  coloration*  If  this  final  reaction  is  obtained  after 
the  addition  of  0.1-0.2  c.c,  then  the  titration  may  be  considered  as  finished. 
If,  on  the  contrary,  a  larger  quantity  is  necessary,  the  addition  of  the 
mercury  solution  must  be  continued  until  a  fimd  reaction  is  obtained  with 
simple  carbonate,  and  the  titration  repeated  again,  adding  the  quantity  of 
mercnry  solution  used  in  the  previous  test  at  one  time,  and  also  abiding  the 
corresponding  amount  of  soda  solution.  If  we  obtain  the  end  reaction  by 
the  addition  of  ^V  ^-^-t  ^^  ^^7  consider  the  titration  as  finished. 

If  in  each  titration  a  quantity  of  filtrate  containing  urine  and  baryta 
correajionding  to  10  c.c.  of  the  original  urine  is  used,  then  the  calculations 
are  very  simple,  since  1  c.c.  of  mercuric-nitrate  solution  corres]>onds  to  0.01 
grm.  of  urea.  As  the  mercury  solution  is  made  for  a  2^  urea  solution,  and  as 
the  filtrate  of  urine  and  baryta  generally  contains  less  urea  (if  the  quantity 
of  urea  ia  above  2^^,  it  is  easy  to  avoid  a!)y  mistake  by  diluting  the  urine  at 
th©  l>eginning  of  the  operation),  a  mistake  occurs  here  which  can  be 
rorrected  in  the  following  way,  according  to  Pfluger:  To  the  measured 

m©  of  the  filtrate  from  the  urine  (the  filtrate  with  baryUi  after  neutral* 

»  with  nitric  acid,  precipitation  with  silver  nitrate  and  filtration)  the 

T  of  normal  soda  solution  employed  is  added,  and  from  this  sum  the 

of  mercury  solution  used  is  subtracted.     The  remainder  is  then 
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mnltiplied  by  0*08,  and  tbe  product  subtracted  from  the  nnmber  of  c.c.  of 
merciir}'  solntion  used.  For  example,  if  the  filtrate  (urine  and  barj'ta 
-(-  nitric  acid  +  silver  nitrate)  measured  25.8  c.c,  and  the  number  of  c*c. 
of  soda  fiolQtion  used  in  the  titration  13.8  c.c,  and  the  mercnry  solntion 
20.5  C.C.,  we  have  then  20.5  -  J (39,6  -  20,5)  X  0.08(  -  20.5  -  1.53  ~ 
18,97,  and  the  corrected  quantity  of  mercnry  solution  is  therefore  18.97  c»c. 
If  the  meaanred  c.c.  of  the  filtrate  {In  this  case  25,8  c.c)  corrcBponda  to 
10  CO.  of  the  original  urine,  then  the  amount  of  urea  is  18.97  X  0.01  =: 
0.1897  =  18,97  p/m,  urea. 

Besides  the  urea  other  nitrogenous  constituents  of  the  urine  are  precipi- 
tated  by  the  mercury  solution.  In  the  titration  we  really  do  not  obtain  the 
qnantity  of  urea,  but,  as  PpLLTiER  has  shown,  the  total  quantity  of  nitrogen 
in  the  urine  erpres^sed  as  urea.  As  urea  contains  4C,G7  p.  c.  N,  the  total 
quantity  of  nitrogen  in  the  urine  may  be  calculated  from  the  qnantity  of 
urea  found.  The  results  obtained  by  this  calculation  corresfiond  well, 
according  to  Pfluger,  with  the  results  found  lor  the  total  nitrogen  as 
determined  by  KJELDAnL's  method. 

Among  the  methods  suggested  for  the  special  estimation  of  urea,  that  of 

Morner-Sjoqvist  is  perhaps  the  most  trustworthy  and  readily  performed. 

For  this  reason  this  method  only  will  be  given  in  detail,  while  we  must  refer 

io  special  works  for  the  otlier  methods,  such  as  Bun  sen -s  method  with  its 

,uy  modifications  as  suggested  by  Pfluoeh,  Boin.ANn  and  BLEiiiTREu/ 

MOBNXB-SJOQTIST  Method."     According  to  this  method  the  nitrogenous 

■nstituenta  of  the  urine,  with  the  exception  of  the  urea  and  ammonia,  ar© 

rst  precipitated  by  alcohol-ether  after  the  addition  of  a  solution  of  barium 

de  and  barium  hydrate,  and  then  the  urea  determined  in  the  concen- 

filtrate,  after  driving  off  the  ammonia,  by  Kjeldahl's  nitrogen 

ition. 

The  procedore  is  as  follows  r  Mix  5  c.c.  of  the  urine  in  a  flask  with 

c.c*  saturated  BaCl,  solution,  in  which  5%  barinm  hydrate  is  dissolved. 

*hen  add  100  c.c.  of  a  mixture  of  two  parts  97*^  alcohol  and  1  part  ether, 

d  allow  this  to  stand  in  the  closed  fiaek  overnight.     The  precipitate  ia 

Itered   of!  and   washed   with   alcohol-ether.     The   alcohol  and  ether  are 

►moved  from  the  filtrate  by  distillation  at  about  55""  C.  (not  above  60*^  C), 

rhen  the  liquid  is  reduced  to  about  25  c.c,  a  little  water  and  calcined 

lagneeia  are  added  and  the  evaporation  continned  until  the  vapors  are  no 

»Dger  alkaline  in  reaction,  which  generally  is  found  before  it  is  concentrated 

►  15-10  c*c.     This  concentrated  liouid  is  transferred  into  a  proper  Jiaak  by 

he  aid  of  a  little  water,  treated  witn  a  few  drops  of  concentrated  snlphnric 

tid,  and  further  concentrated  on  the  water-bath*     Now  20  c.c.  pure  con- 

intrated  sulphuric  acid  is  added  and  the  process  carried  out  according  to 

JELDAHL. 

Kkop-IICfnkh's  method'  iibftfled  on  the  fact  that  urea,  by  ihenrlion  of  8odiiiiu  bypo- 
brondte,  i^pltts  tiilo  wutcfr,  carboti  dioxide  (which  dIssulTeB  in  the  alkuli).  and  nitrogen - 
hose  volume  is  measured  (see  page  416).  This  method  is  less  accurate  thnti  tlie  pre- 
ceding ones,  and  therefore  in  scientific  wnrk  It  is  discarded.  It  is  of  vjilue  to  ihe  physi- 
ktftn  and  for  practical  purpo^s,  hcciiuse  of  the  ease  and  rapidity  with  \\hlch  it  may  be 


»  PflDger*t  Arch,,  Bdd,  88.  43,  ami  44. 
•  Skaud.  Arch.  f.  Physiol.  Bd,  2. 

*Kuop,  Zeitschr,  f.  jmalyl,  Chum.,  Bd.  9;  Hilfner.  Joun  f.  prakt.  Chem,  (N.  F.), 
ftd.  3.     See  also  Oupperl-Neuhauer,  10,  And.,  S.  304,  etc. 
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perfomied^  ereu  tbaogh  fl  may  ooi  give  rery  accurate  resaUs.  For  fymctfcail  purposei 
Ji  lerles  of  dilfercnl  nppuratus  fcive  bSsen  confttrwcted  lo  fnriliiaie  ibe  tiac  of  thk  mHbod, 
Amctiig  these  EflBAcu'd  uT«fme$er  deferred  to  be  ei^peciatly  meDtiuneii,  und  ali^o  B«>ttT« 
LfXOKii'  appamtua. 

For  the  qaantitatire  estimation  of  nrea  in  blood  or  other  animal  floids, 
aiwell  BA  in  the  tisgnea,  ScHoxDOErF  has  propoeed  a  method  where  the 
proteid^  and  extractives  are  first  precipitated  by  a  mixtnre  of  pbospbo- 
tnngstic  acid  and  hydrochloric  acid,  and  then  the  filtrate  made  alkaline 
with  lime.  The  q nan ti ties  of  ammonia  formed  on  heating  a  part  of  this 
filtrate  to  LiiO'"  C.  with  phosphoric  acid,  and  the  qiiuntity  of  carbon  dioxide 
prorlnced  by  heating  the  other  part  to  lr50^  C.  nm  determined.  In  regard 
to  the  principles  of  thia  method »  as  well  as  to  the  details,  we  refer  to  the 
original  article  (Pflugeu'S  Arch.,  Bd,  62). 

Csrbamie  Add,  UtN.COOH.  This  ncid  ffiiiot  known  in  the  free  stat«.  but  only  as 
Urdu  AiuiiMifiiiim  carbiLmate  in  produci-d  by  the  action  of  dry  ftmrnonia  on  dry  cai  boo 
dioxi<)o.  Curljttmic  ucid  i«  aleo  produced  b^'  the  action  of  pomssiurii  pcrinungauate  oa 
proteid  and  BC'verfil  other  Dltrogenous  urguiiic  b<x]ies. 

We  liave  alreiuly  spf/keii  of  the  occurrvnct?  of  carbamic  aeld  In  human  and  auimml 
urbien  in  cotinectiun  wUh  tbt*  formation  of  urea.  The  calcium  siilt,  which  is  S(»lub1e  in 
wiifiT  and  ummoidtt  but  insoluble  in  alcohol,  is  mosi  imporfani  in  the  *letection  of  rbfs 
acid.  The  «olniU»n  rrf  Ihc  ciilcium  !wlt  in  water  txcomes  cloudy  on  stttodinj^.  tiut  niucb 
quirker  on  ixjilbig,  antl  calcium  carbonnle  separates  Kolk*  hns  recently  made  invest!- 
f  ation^i  on  the  formution  and  detection  of  carbamic  ucid* 

Ctirbttmie  firvl  rt/tf/Uiter  lureihan),  as  showu  by  Jaff^.'  mny  \yai^,  by  the  muiual 
action  of  idcoho)  and  urea,  iaio  the  alcoholic  extrrtct  of  the  urine  w Leu  wurk log  with 
large  rjuaotJti(»  of  uriae. 

Creatlnin,  CjH,N,0,  or  NH  :  ^\^j/f^jj  v  /.Tr  •  '«  generally  considered 

aa  the  anhydride  of  creatin  (see  page  330)  found  in  the  nitiecles.  It  occnrs 
in  hnman  nrine  and  in  that  of  certain  mammalia.  It  baa  also  been  fonnd 
In  ox-blood,  milkj  tbongh  in  very  email  amounts,  and  in  the  flesh  of  certain 
fishes. 

Johnson  n  ilatcmenl  that  the  crcallnin  of  the  urine  is  different  from  Ihut  produced  by 
iho  action  of  acids  on  creatiu  is  incorrect  according  to  Toitelius  and  FoMJiERERNS, 
"WoRUKKii  and  Tiuclen.* 

The  quantity  of  creatinin  in  human  urine  is,  in  a  grown  man  voiding  a 
normal  quantity  of  urine  in  the  course  of  a  day,  0,6-1.3  grms.  (XEUiiArEB), 
or  on  an  average  1  grm.  Johnson*  fonnd  1.7-2,1  grms,  per  day. 
The  qnantity  is  dependent  on  the  food,  and  decreases  in  starvation*  Suck- 
lings do  not  generally  eliminate  any  creatinin,  and  it  only  appears  in  the 
urine  when  the  milk  is  replaced  by  other  food.  The  rjuantity  of  creatinin 
in  urine  varies  as  a  role  with  the  quantity  of  urea,  although  it  is  increased 
more  by  meat  (because  the  meat  contains  creatin)  than  by  proteid*    Grocco 


*  la  regard  to  Ibe  various  modifleatioDB  of  Knop-HUfncr's  method  see  BimoD.  Clioicat 
DliigDo«i«,  2d  cd,;  also  B5hlllngk,  Arch.  ejtp.  de  St  Peterfibonrg.  Tome  *J. 

»  Zclucbr,  f  phydob  Chem.,  Bd.  23. 
*i6»flf,.Bd.  11 

*  S  Johnwm*  Proceed   Hoy.  Soc.  Vola,  42,  43  ;  Chem.  News,  Vol.  65;  Toppclina  and 
FoDinterohn*',  Arf  h.  f.  Pharni.,  Bd»  234  ;  Woeiner.  Dn  Boi»-R«?ymoud*ft  Arch.»  1890. 

*Hup^iert  Xmdiaucr,  liaroanatyM,  10.  Aufl..  B.  887. 
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[d  MoiTESSiER  claim  that  the  elimination  of  creatinin  ia  increaEed  by 
mnscalar  activity,  bnt  according  to  Oddi  and  Ta uu lli  '  this  is  only  true 
for  excessive  activity.  The  behavior  of  creatinin  in  diseaBe  is  little  known. 
By    increased   metabolism    the   amount    ia   increased,  while  by    decreased 

fihange  of  material,  as  in  ana3mia  and  cachexia^  it  ia  diminished, 
Creatinin  crystallizes  in  colorless,  shining  monoclinic  prisms  which  differ 
m  creatin  crystals  in  not  becoming  white  with  loss  of  witter  when  heated 
100'*  C,  It  dissolves  in  11  partB  cold  water,  but  more  easily  in  warm 
Ira  ten  It  is  difficoltly  soluble  in  cold  alcohol,  but  the  statements  in  regard 
to  its  solnbilities  differ  widely/  It  is  more  soluble  in  warm  alcohol.  It 
ia  nearly  insolnble  in  ether.  In  alkaline  solution  creatinin  is  converted 
Ml  to  creatin  very  easily  on  warming. 

I  Creatinin  gives  an  easily  solnble  crystalline  combination  with  hydro- 
ihloric  acid.  A  solution  of  creatinin  acidified  with  mineral  acids  gives 
Tiystalline  precipitates  with  phospho-tungstic  or  phospho-molybdic  acids 
even  in  very  dilute  solutions  (1  :  10,000)  (Keuxer,  IIofmeistee*),  It  ia 
precipitated,  like  urea,  by  mercuric-nitrate  solution  and  also  by  mercuric 
hloride.  On  treating  a  dilute  creatinin  solution  with  sodium  acetate  and 
en  with  mercuric  chloride  a  precipitate  of  glassy  globules  having  the 
mposition  4(CJI,N,OJICLHgO)31IgCl,  separates  on  standing  some  time 
'fJoHXsoN).  Among  the  compoands  of  creatinin,  that  with  zinc  cldoride, 
creatinin  zific-vhloride,  (C^II,N,0),ZnClj,  is  of  special  interest  This  com- 
bination is  obtained  when  a  Bofticiently  conceutnited  solution  of  creatinin  in 
alcohol  18  treated  witli  a  concentrated,  faintly  acid  solution  of  zinc  chloride. 
Free  mineral  acids  dissolve  the  combination,  hence  they  must  not  be  present; 
this,  however,  may  be  prevented,  when  they  are  present,  by  an  addition  of 
Bodium  acetate.  In  the  impure  state,  as  ordinarily  obtained  from  urine, 
creatinin  zinc  chloride  forms  a  sandy,  yellowish  powder  which  nnder  the 
■licroscope  appears  as  tine  needles  forming  concentric  groups,  mostly  com- 
Tilete  rosettes  or  yellow  balls  or  tufts,  or  grouped  as  brushes.  On  slowly 
crystallizing  or  when  very  pure,  more  sharply  defined  prismatic  crystals  are 
obtained.     This  combination  is  sparingly  soluble  in  water. 

Creatinin  acts  as  a  reducing  agent.  Mercuric  oxide  is  reduced  to 
metallic  mercur}',  and  oxalic  acid  and  methylgoanidin  (methyl o rami n)  are 
brmed.  Creatinin  also  reduces  copper  hydroxide  in  alkaline  solution, 
terming  a  colorless  solnble  combination,  and  only  after  coniinnous  boiling 
rith  an  excess  of  copper  salt  is  free  suboxide  of  copper  formed.  Creatinin 
.nterferes  with  Trommer's  test  for  sugar,  partly  because  it  has  a  redncing 


»  Grocco.  see  Maly*8  Jahresber.,  Bd.  10  ;  Hoilesaler,  ihid..  Bd.  21 ;  Oddi  and  TaniDl. 
m..  Bd-  24. 

*  See  Huppert-Neubttiier,  10.  Aufl. ,  and  Hoppe-Seyler's  Iluudbuch,  fl.  Aufl. 

*  Kerner,  FflQger's  Arcb.,  Bd.  2  ;  Hofmeister,  Zeilschr.  f,  phyaiol.  Chem,,  Bd.  5. 
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action  and  partly  by  retaining  the  copper  Bnboxide  in  solution.  The  com* 
bination  with  copper  suboxide  is  not  sol  able  in  a  satnrated-soda  solution, 
and  if  a  little  creatinin  ia  diBsoIved  in  a  cold,  saturated *6od a  solatiou  mi 
then  a  few  drops  of  Fehliko's  reagent  added,  a  white  floccnlent  oombini- 
tion  separates  after  heating  to  5C>-60''  C.  and  then  cooling  (v.  Maschkb's* 
reaction).  An  alkaline  bismuth  solution  (see  Sngar  Tests)  is  not  redaoed 
by  creatinin. 

If  we  add  a  few  drops  of  a  freshly  prepared  very  dilute  sodium  nitro- 
prusside  (sp,  gr.  1.003)  to  a  dilute  creatinin  solution  (or  to  the  urine)  and 
then  a  few  drops  of  caustic  soda,  a  ruby-red  liquid  ia  obtained  which  quickly 
turns  yellow  again  (Weyl's*  reaction).  If  the  cooled  yellow  solution  i& 
neutralized,  and  treated  with  an  excess  of  acetic  acid  a  crystalline  precipi- 
tate of  a  nitrofio  compound  fC^II^N^O,)  of  creatinin  separates  on  stirriug 
(Kramm  ').  If,  on  the  contrary,  the  yellow  solution  is  treated  with  an 
excess  of  acetic  acid  and  heated,  the  solution  becomes  first  green  and  then 
bine  (Salkowski*);  finally  a  precipitate  of  Prussian  blue  is  obtained.  If  a 
solution  of  creatinin  io  water  (or  urine)  is  treated  with  a  watery  solution  of 
picric  acid  and  a  few  drops  of  a  dilute  caustic-soda  solution,  a  red  coloration 
lasting  several  hours  occurs  ioimediately  at  the  ordinary  temperature,  mi 
which  turns  yellow  on  the  addition  of  acid  (Jaffe's*  reaction).  Acetone 
gives  a  more  reddish -yellow  color.  Grape-sugar  gives  with  this  reagent  a 
red  coloration  only  after  heating. 

In  preparing  creatinin  from  urine  the  creatinin  zinc  chloride  is  first 
prepared  according  to  NEUBAUKirs'  method.  One  litre  or  more  of  urine 
is  treated  with  milk  of  lime  until  alkaline  and  then  CaCl,  solution  until  all 
the  phosphoric  acid  is  precipitated.  The  Ultnite  is  evaporated  to  a  aymp 
after  faintly  acidifying  with  acetic  acid  and  this  treated  while  still  warm 
with  9?%  alcohol  (about  200  c.c.  for  each  litre  of  urine).  After  about  13 
hours  it  ia  filtered  and  tlie  filtrate  treated  first  with  a  little  sodium  acetate 
and  then  with  an  acid -free  zinc-chloride  solution  of  a  specific  gravity  of 
1.20  (about  200  c,c.  for  each  litre  of  urine).  After  thorough  stirring 
it  is  allowed  to  stand  48  hours,  the  precipitate  collected  on  a  filter  and 
washed  witli  alcohol.  The  creatinin  zinc  chloride  is  dissolved  in  hot  water, 
boiled  wqth  lead  oxide,  filtered,  the  illtrate  decolorized  by  animal  charcoal 
evapomted  to  dryness  and  the  residue  extracted  with  strong  alcohol  (which 
leaves  the  creatin  undissolved).  The  alcoholic  extract  is  evaporated  to  the 
point  of  crystallization,  and  the  crystals  purified  by  recrystallization  from 
water. 

Creatinin   may  also   be    prepared   from    urine    by   precipitating  with 

1  Zellachr.  f.  analyt.  Cbem.,  Bd.  17. 
'Ber.d,  deiilscb.  cht^m.  Ge8<^ll»c'h.,  Bel.  11. 

•  C«iif  ralW.  f.  d.  med.  Wisseuach.,  1897. 

•  Zeilaclir.  f.  physIoL  Chem.,  Bd.  4.  8.  133, 
^  Ibid.,  Dd.  10. 

•  Ann.  d.  Chem,  u.  Pbnrm.,  Bd.  119. 
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inercaric-chloride   eolatioo  according  to   either  Maly*8  or  Johnson's 
process. 

The  quaniitativB  estimaHofi  of  creatinin  may  be  performed  according  to 
Kuubauer's  method  for  the  preparation  of  creatinin,  or  more  fiimply  by 
SalkowskTs  *  modification  of  this  method.    240  ex.  of  tlie  urine  freed  from 
proteid  (by  boiling  with  acid)  and  from  sugar  (by  fermentation  with  yeast) 
ar^  alkalized  with  milk  of  lime,  and  precipitated  by  CaCI,,  and  filled  up  to 
^Oo  c.c-     250  CO.  (=  200  c.c.  urine)  are  measured  off,  nentralized  or  made 
^nly  faintly  acid  with  acetic  acid  and  evaporated  to  about  20  cc,  then 
thoroughly  stirred  with  an  eqnal  volume  of  absolute  alcohol,  and  then  com- 
pletely transferred  to   a  lOU-c.c.   llask  which  contams  some   alcohol,   the 
i^idne  in  the  dish  being  waslied  with  alcohol.     On  thorough  shaking  and 
cooling  the  flask  is  filled  to  the  100-c.c.  mark  with  absolute  alcohol  and 
allowed  to  stand  24  hours.     80  c.c.  (=  160  c.c.  urine)  of  the  filtrate  are 
Collected  in  a  beaker-glass  and  treated  with  0.5-1  c.c.  zinc-chloride  solution, 
and  the  covered  beaker  is  left  standing  in  a  cool  place  for  two  or  three  days. 
The  precipitate  is  collected  on  a  small  dried  and  weighed  filter,  using  the 
filtrate  to  wash  the  crystals  from  the  beaker.     After  allowing  the  crystals  to 
completely  drain  off,  they  are  washed  with  a  little  alcohol  until  the  filtrate 
givea  no  reaction  for  chlorine,  and  dried  at  100°  0,     100  parts  creatinin 
zinc-chloride  contain  02.44  parts  creatinin.     As  the  precipitate  is  ne^er 
quite  pure,  the  quantity  of  zinc  must  be  carefully  determined,  in  exact 
exjieriments,  by  evaporating  with  nitric  acid,  heating,  washing  the  oxide  of 
"no  with  water  (to  remove  any  NaCl),  drying,  heating,  and   weighing. 
ti.4  parts  zinc  oxide  correspond  to  100  parts  creatinin  zinc  chloride, 

KoLiscH  *  also  precipitates  with  milk  of  lime  and  CaCI^ ,  filters,  makea 
the  filtrate  faintly  acid  with  acetic  acid,  evaporates  to  syrup,  and  extracts 
with  alcohol.  A  measured  volume  of  the  alcoholic  extract  is  precipitated 
with  an  alcoholic  solution  of  mercuric  chloride  containing  acetic  acid.  The 
nitrogen  is  determined  by  K.teldatil's  method  in  tlie  precipitate  carefully 
washed  with  absolute  alcohol  containing  a  little  sodium  acetate  and  a  few 
drops  of  acetic  acid.  On  mnltiplying  the  quantity  of  nitrogen  by  2.6!)  we 
obtain  the  quantity  of  creatinin.  The  mercuric  chloride  solution  consiata 
of  30  parts  mercuric  chloride,  1  part  sodium  acetate,  3  drops  glacial  acetic 
acid,  and  125  parts  absolute  alcohol. 

Xanthocreatinin,  CsHioNiO.  This  body,  which  was  first  prepared  fmm  moat  ex- 
Imct  hy  Gautiek,  hm  bteu  foutjd  by  Monari  in  dog's  urine  after  ihv  iujection  of 

•  cre:aiiiiu  into  Uie  abdomiual  cavity,  and  in  binnao  urino  after  several  hours  of  exLausl- 
ing  marching.  According  lo  Colasanti  it  occurs  to  a  relatively  greater  extent  in  lion's 
unue.  Btai>THaoen*  conbiders  the  ximtbncTeallniii  kolated  from  biiman  urine  after 
streouous  muscular  aclivity  as  impure  creatinin, 

XanthocreatiniD  forms  tbiu  Bulpliur-yeUow  plates,  similar  lo  cliolesterin,  wljicb  huvo 
a  bitter  taste.  It  disfiulves  in  cold  water  iini|  in  alcohol,  and  Fives  a  crystalline  comhi- 
nalion  with  hydrochloric  acid  and  a  double  compound  with  goM  and  platinum  chloride. 
It  gives  a  combinatif>n  with  zinc  chloride,  which  crystallizes  in  fine  tievdlea.  Xantho^ 
CFeatiaia  baa  a  poiaououi  action. 


I 


*  Maly.  Annal   d.  Chem.  u.  Phftrm.,  Bd.  160:  Johnson,  Proceed.  Roy.  Soc,  Vol.  48^ 

•  Zeitscfar.  f.  pbysiol.  Chem..  Bdd.  10  and  14* 

•  Centmlbl  f.  lunere  Med.,  1895. 

*  Qautier.  BulL  de  Tacad.  de  med.  (2),  Tome  5,  and  Bull  de  la  8oc.  Chem.  (2),  Tome 
48:  Monari.  Maly*s  Jahrcsber,,  Bd.  17;  Cobiaanti.  Arch,  Ital  d.  Blologle,  Tome  15^ 
Riac  3 ;  StadtbBgea.  Zeilschr  1  klin.  Med..  Bd.  15, 
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HN— CO 

I        I 

CO   C— NU 

Uric  Acid,  Ur,    C,H,N,0,,        |       ||     ::r=^CO,     Uric  acid,  whicli  is  a 

HK—  C— NU 

tiiureid  of  a  trioxjacrylic  acid,  is  closely  allied  to  the  nuclei n  bases  (see 
Chapter  Y)  and  may  be  desigoated  as  2,  6^  8  trioxypiirin  (E.  Fischer). 

Uric  acid  has  been  ayutiu'iically  preptired  by  Horbaczewski  *  iii  st-veral  ways. 
On  fiismg  urea  and  glyw^coll.  uric  acid  is  formed  atcoidiug  lo  the  formula 
SCONaHi-f  C,HiNO„=  C^H*N,0, -h  2H,0+3NH,  .  aud  in  Ibis  rend imj  bydantoin 
and  biurei  are  formed  its  iuteiijiediate  producLs.  He  also  obintiied  urit*  acul  on  bejiUfjg 
tiicljlOT-lstetic  acid,  or  still  bLHiei  iricblorliiclic  acid -amid,  witb  an  excess  of  urea.  If 
we  eliminate  from  the  reaction  Ibe  numemua  by-products  (cyanuric  ncid.  carbon 
dioxide,  etc),  tiien  tbis  process  may  be  expressed  by  tbe  formuia  CiClaHiOaN-f- 
SCONjH*  =  C.H*N,0,  -h  H,0  -f  NH.'Cl  +  3UCi. 

E,  F18CBER  and  Acn^  bave  prepared  uric  acid  from  pseudouHc  add,  whicb  isrielier 
in  oue  molecule  of  water  than  ordinnry  uric  acid,  by  healing  to  145*  C.  witb  oxalic  acid. 

On  strongly  heating  uric  acid   it  decomposes  with    the  formation   of 

UREA,  RYDEOCYANIC    ACITS    CYANUIUC   A(  Il»,  and    AMMONIA.       On    heatlog 

with  concentrated  hydrochloric  acid  in  sealed  tabes  to  170"^  C,  it  splits  into 
OLYcocoLL,  CARBON  DIOXIDE,  and  AMMONIA.  By  the  action  of  oxidizing 
agents  splitting  and  oxidation  take  place,  and  either  mououreids  or  ditireida 
are  produced.  By  oxidation  with  lead  peroxide,  cabbon  dioxide,  oxalic 
ACID,  urea,  and  allaktoin,  which  last  is  glyoxyldiureid,  are  produced 
(see  below).  By  oxidation  with  nitric  acid  in  the  cold  uhea  and  a  mono- 
tireid,  the  mesoxalyl  urea,  or  alloxan,  are  obtained,  C\H^N^O,  +  0  + 
n,0  =  Cvn,N,0^  -f  (Nil  J3CO,  On  warming  with  nitric  acid,  alloxan 
yields  carbon  dioxide,  and  oxalyl  urea,  or  parahanic  acid,  CJI^N^O,.  By 
tbe  addition  of  water  the  parabanic  acid  passes  into  oxalurig  acid, 
C,n^X,0^ ,  traces  of  which  are  found  in  the  orine  and  which  easily  split  into 
oxalic  acid  and  urea.  In  alkaline  solution  uric  acid  may,  by  taking  up  water 
and  oxygen,  be  transformed  into  a  new  acid^  uroxanic  acid,  C,H,N^0, , 
which  may  then  he  changed  into  oxonic  acid,  CJI^N^O^.' 

Uric  acid  occurs  moat  abundantly  in  the  urine  of  birds  and  of  scaly 
amphibians,  in  which  animals  the  greater  part  of  the  nitrogen  of  the  urine 
api>ear6  in  this  form.  Uric  acid  occurs  frequently  in  the  urine  of  carniv- 
orous mammalia,  but  is  sometimes  absent;  in  urine  of  herbivora  it  is 
habitually  present,  though  only  as  traces;  in  human  urine  it  oconra  in 
greater  but  still  small  and  variable  amounts.  Traces  of  uric  acid  are  also 
found  in  several  organs  and  tissues,  aa  in  the  spleen,  lungs,  heart,  pancreas, 
liver  (especially  in  birds),  and  in  tbe  brain.  It  habitually  occurs  in  the 
blood  of  birds  (Meissker).     Traces  have  been  found  in  human  blood  under 


*  Moitatshefte  f.  Cbetu.,  Bdd.  6  and  8.  See  alao  Bcbread  aad  Roosen,  Ber,  d.  deutsclu 
Chem.  GeselUcb.,  Bd.  21«  S,  999. 

*  Ber.  a.  deutacb.  cbcui.  Gesellacb..  Bd,  28. 

*  See  Suudwik,  Zeitschr.  f.  pliyiiol.  Chem..  Bd.  20. 
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normal  conditions  (Abeles).  Under  patliological  conditions  it  occnra  to 
an  increased  extent  in  the  blood  in  pneumonia  and  nephritis  (v,  Jaksch  * 
and  others) <,  hot  also  in  lencfemia  and  arthritis.  Uric  acid  also  occnra  in 
large  qntmtities  in  ''  cbalk-atones/'  certain  urinary  calculi,  and  in  guano. 
It  has  also  been  detected  in  the  urine  of  insects  and  certain  snails,  as  also 
in  the  wings  (which  it  colors  white)  of  cert.ain  butterflies  (Hopkins*). 

The  amount  of  uric  acid  eliminated  with  hnman  urine  is  subject  to 
considerable  individual  variation,  but  amounts  on  an  average  to  0.7  grm, 
per  day  on  a  mixed  diet.  The  ratio  of  uric  acid  to  urea  varies  consider- 
ably with  a  mixed  diet,  bnt  is  on  an  average  1  :  50-1  :  70,  In  new-born 
infants  and  in  the  first  days  of  life  the  elimination  of  nric  acid  ia 
increased  (Mares),  and  the  relation  between  uric  acid  and  urea  is 
about  1  :  13-14.  S*KiQViST'  found  the  relationship  in  new-born  infants  to 
be  1  :  6.42-17,1- 

In  regard  to  llie  action  of  food  we  know  from  the  observations  of 
Ranke,  Mares,  and  others  that  the  elimiuation  of  uric  acid  is  diminished 
in  starvation,  and  that  it  quickly  increases  on  partaking  food,  especially 
proteid  food.  Mares  found  the  minimum  about  13  hours  after  the  laat 
nieai,  and  a  strong  increase  about  2-^5  hours  after  meat  diet.  This  increasa 
after  a  meal  rich  in  proteid  Horbaczewski  explains  by  the  digestion 
leiicocytosis  (see  below)  which  habitually  appears.  It  is  qaite  generally 
accepted  that  the  qnantity  of  uric  acid  eliminated  with  vegetable  food  is 
email er  than  with  a  meat  diet,  in  which  case  the  quantity  may  nse  to 
2  gnna,  or  over  per  day,* 

The  statements  in  regard  to  the  influence  of  other  clrcnmstances,  as  also 
of  different  bodies,  on  the  elimination  of  uric  acid  are  rather  contradictory. 
This  is  in  part  due  to  the  fact  that  tlie  older  investigators  used  an  inaccurate 
method  (IIeintz's  method),  and  also  that  the  extent  of  uric-acid  elimina- 
tion   is  dependent  in  the  first  place  upon  the  individuality.     Thus   the 


»  Meissner,  ZeiUchr.  f,  ral.  Med.  (3).  Bd.  81,  cited  from  Hoppe-Seyler's  Physiol, 
Che  111  ,  8.  432;  Alleles.  Wien.  med*  Jalirb  belief  1887.  cUud  from  Muly's  Jahresber.. 
Bd.  17;  V.  Jiikscb,  Ueber  die  klin,  Bcdetilutig  dea  Vorkoamiens  der  HiiitJsUure»  clc. 
(Prager  Festaclirift.  Btniio.  1890,  8  TOj  ;  also  Zeilschi.  f.  HeilkUDde,  Bd.  11,  aDd  Cea- 
Iralbl,  f.  iniRTe.  Mt'ii.,  1896.     See  also  Klcmi>erer,  Deutsch.  med,  Wocbeiischr,*  181>0, 

»  PJiilos.,  Tnuis    Roy.  Boc„  Vol.  186,  p,  66L 

•  A  very  gt>iid  tabular  summary  of  the  Vftriation  in  tbe  eHminalion  of  iiHc  iictd,  and 
the  ratio  of  lotal  nitrogeu  to  uric-acid  iiilrogeo,  is  found  in  v,  Noordeo's  Lehrbucb  der 
Pmhologie  des  StoJTwet  bsels,  1893»  8.  54  ;  see  alao  Maroi  Ccntmlbl.  L  d.  med.  Wtih 
tcuacli,  1888  .  8j5qvisr,  Nord.  med.  Arkiv.  1894. 

*  J.  Rtinke,  Beobachtuugen  und  Versuche  fiber  die  Ausscbeiduogder  Harnsaurc,  etc* 
(MUncbeD.  1858);  Marea,  K  c.;  Horbuczewski,  Wien,  Silzungsber.,  Bd,  100,  Ablh.  3, 
189L  In  regard  lo  tbe  action  of  various  dieis  tbe  reader  is  referred  to  tbe  nboTG-cited 
aulliors,  and  especially  to  A.  Hermann,  Arch,  f,  klin.  Med.,  Bd.  43,  and  Camerer,  ZciU 
acbr.  f.  Biologic,  Bd.  38. 


428 


URINE. 


BtatementB  in  regard  to  the  action  of  drinking-water*  and  of  alkaliee^tnl 
Tery   contradictory.      Certain    medicines,   sncb   m    qaiuin    and  atropin, 
diminish,  while  others,  stich  as  pilocarpin  aad  also,  as  it  seems,  sulicylic 
acid,'  increase,  the  elimination  of  uric  acid.     According  to  Horbaczewski*  1 
and  his  pupils  the  ^rst  cauae  a  diminotton  of  the  number  of  leucocjt«G  in  ] 
the  blood,  while  the  last  cause  an  increase  in  the  number. 

Little  is  known  with  po^itiveness  in  regard  to  the  elimination  of  nrie 
acid  in  disease.     In  acute,  critical  diseases  the  elimination  of  uric  acid  is] 
increased  after  the  crieis;  while  the  older  statements  that  the  uric  acid  ii 
habitnaliy  increased  in  fevers  has  been  contradicted  by  many.*     The  state 
nients  in  regard  to  the  elimination  of  nrea  in  goat'  and  nephritis'  arealdo  ! 
uncertain  and  contradictory.     In  leucsemia  the   elimination   is  increaaedj 
absolutely  as  well  as  relatively  to  the  urea  (Ranke,  Salkowski,  Fleiscbh 
and  Pentzoldt,  Stadthagen,   Sticker,   Bohland    and   Schtbz,*  audi 
others),  and  the  relationship  between  the  uric  acid  and  urea  (total  nitrogwi ' 
recalculated  as  urea)  may  be  even   1  :  9,  while  under  normal  conditions, 
according  to  different  iuvestigators,  it  is  1  :  40  to  60  to  100. 

Fortnation  of  Uric  Acid  in  the  Organism*     The  formation  of  uric  acid 
in  birds  is  increased  by  the  administration  of  ammonia-salts  (v.  Schbopzji). 
Urea  acts  in  the  same  way  (Meyer  and  Jaffe),  while  in  the  organiMn  of  I 
mammalia  uric  acid  ia  more  or  less  completely  converted  into  nrea,  as  shown 
by  WonLEii  and  Fuekichs*  on  dogs.     Minkowski  observed  in  geeieTritb 
extirpated  livers  a  very  significant  decrease  in  the  elimination  of  uricacidJ 
while  the  elimination  of  ammonia  was  increaseil  to  a  corresponding  degree,  j 
This  indicates  a  participation  of  ammonia  in  the  formation  of  nrica^idio  j 
the  organism  of  birds;  and  as  Mikkowski  has  also  found  after  the  extirp*- 


*  See  ScbOndorff,  PflUger's  Arcb.,  Bd.  46.  wbich  couiaius  the  pevtineui  UtemUire. 

*  See  Cliir.  CtMjlmlbl  f.  d.  mtMl.  Wisseoscb.,  1888  ;  Haig,  Jouro.  of  Physiol.  V« 
8  ;  and  A.  Hermanu,  Arch.  f.  kliu.  Metl..  Bd.  43. 

*  See  Bohland,  cited  horn  Maly's  Jahreiit>er.,  Bd.  26. 

*  WieD-  Sitzutigsber-.  Bd.  lOO. 

*  Sec  V.  Noorden,  Lehrbuch.  S.  211  and  312  ;  Kfthnnii,  Zeitschr  f.  kiln.  Med,. 
28  ;  Dunin  iuul  Nowacxck,  ibid.,  Bd.  32. 

•Bee  Laquer»  •*  Uher  die  Ausacheiduut'sverhalluiss^der  AlloxurkOn>er/'  Wiesbade 
ISM;  E.  Pftiffer,  Berlin  klin.  Wocheuschr.,  1896;  MagouB-Levy.  ibid,;  MmMkL 
W!en.  klin.  Wochenschr..  189U  ;  Ilia.  Wieu.  med.  Blatter.  1^6. 

'  Bee  T.  Jukschp  Zeltsolir.  f,  Herlkinule,  Bd,  11,  and  CeotralhK  t,  Innere  Hed.,  IS 
Kollach  and  Dostal,  Wien,  klin,  Wocheuschr,.  1895;  Geza  Fodor,  Maly't  Jnhresb 
BiL  25;  Zuelzer,  Berlin,  klin.  VVoclienschr..  1896. 

*  Rauke.  fteeSchraidrs  Jalirb.,  1850;  SalkowRki.  Vi r chow's  Arcb.,  Bd.  50;  Tie 
and  Pentzoldt.  Arch,   f.   klin.  Med,,  B<1.   26;  Btadthagcn.  Vlrchow's  Arch,  Bd.  10 
Sticker,  Zeilachr.  f.  klin,  Med.,  Bd.  14 ;  Bohlnml  and  Schurz.  PtlQgers  Arch..  Bd.  17^ 

*  V.  Schrtider,  Zelts^hr.  f.  phyalo!.  Chem.,  Bd.  2;  Meyer  and  Jaife,  Ber.  d.  deut 
cbem.  GescllscL.,  Bd,  10 ;  W5hler  aod  FrericLs,  Annal.  d.  Chem,  u.  Pbarm.»  Bd  05.  j 
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tion  of  the  liver  that  considemble  amounts  ef  lactic  acid  oecar  in  the  linnet 
it  is  probable  that  {^e  uric  acid  in  birds  ia  produced  in  the  liver,  perhaps 
from  lactic  acid  and  ammonia  by  synthesis.  Amido-acids — leucin,  glyco- 
coll,  and  aspartic  acid — increase  the  elimination  of  iinc  acid  in  birds 
(v.  Knieriem),  but  whether  the  amido-acids  are  first  decomposed  with  the 
splitting  off  of  ammonia  ia  still  unknown,  v.  Mach  '  has  shown  that  a 
email  part  of  the  uric  acid  in  birds  originates  from  hypoxanthin,  and  a 
similar  origin  for  the  nric  acid  of  mammalia  is  also  ¥erj  probable  (Min- 
kowski). Independently  of  Cohn,  Minkowski'  has  observed  a  consider- 
able increase  in  theallantoin  of  the  urine  in  dogs  after  feeding  with  thymus. 
Salkowski'  has  made  similar  observations  on  dogs  after  feeding  with 
pancreas. 

We  have  no  foundation  for  the  assumption  that  uric  acid  is  formed  from 
ammonium  salts  in  the  human  and  the  mammalian  lirer.  On  the  contrary, 
the  fornmtiou  of  uric  acid  seems  to  stand  in  a  certain  relationship  to  the 
nucleus  nucleins,  Horbaczewski  *  has  prepared  uric  acid  from  tissues  rich 
in  nuclein,  such  as  the  Hpleeu-pulp,  and  from  spleen  nuclein  by  slight  putre- 
faction, subsequent  oxidation  with  blood,  and  then  cleavage  by  boiling.  If 
the  oxidation  wiis  neglected,  he  obtained  an  equivalent  quantity  of  xanthin 
bodies.  The  nuclein  prepared  from  the  spleen-pulp  when  introduced  into 
the  animal  body  causes  an  increase  in  the  elimination  of  uric  acid,  and, 
according  to  tlie  experience  of  many  investigators/ feeding  with  the  thymus, 
which  is  very  rich  in  nncleins,  has  the  same  action.  According  to  Hon- 
BAr:zEWSKi  the  nric  acid  is  not  formed  from  the  alloxuric  bases  as  in- 
termediary steps,  but  all  alloxuric  bodies  are  derived  from  the  nncleins — 
the  uric  acid  when  cleavage  precedes  an  oxidation,  and  the  alloxario  basee 
with  cleavage  without  oxidation. 

The  recent  very  important  researches  of  Minkowski*  have  further 
shown  that  a  synthetical  formation  of  nric  acid  from  ammonium  componnds 
in  dogs  is  very  improbable.  He  also  shows  that  when  all  an  to  in  is  adminis- 
tered to  dogs  the  greater  part  appears  unchanged  in  the  urine,  while  in  man 
hardly  one  fiftli  could  be  regained.  After  feeding  dogs  with  nncleins  the 
quantity  of  allantoiu  as  well  as  the  quantity  of  nric  acid  must  be  consid- 


'  Miokowski^  Arch.  f.  cxp.  Patb.  u.  Pharm,,  Bd.  21  ;  v,  Kuieriem,  Zeilacbr,  f. 
Biologic.  Bd.  13  ;  v.  Mach.  Arch.  f.  eip.  Palb.  u.  Pharni..  Bd.  24. 

*  CenlralbL  L  ianere  Me«l,  1898. 

»  CentralbL  f.  d.  med.  Wls&ensch.,  1808. 
<  Wien.  SitzuDgsber,,  Bd.  ICKJ. 

*  See  Weill iraud,  Berlin,  kilo.  WocbenBcbr.  1895.  and  Du  Bois-Reymoud's  Arch.* 
1995;  Umber,  Zettacbr.  f.  klia,  Med,,  Bd,  29;  P.  Mayer,  Deutsch.  med.  Wocbenschi.. 
1896;  Jerome.  Jouru.  of  PbysloL.  Vol.  23  ;  Heias  aad  Scbmoll,  Arcb.  f.  exp.  Path,  n. 
Pharm,,  Bd.  87. 

*  Arcb.  f.  exp,  Path*  u.  Pharm.,  Bd.  4L 
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ered*     Although  the  thymns  nocleins  considerably  increase  the  qnautitjof 
allantoin  and  uric  acid,  the  nuclei ri  bases,  with   the  exception  of  hyj»» 
xanthitij  split  ot!  from  these  nncleine  are  inactive.     Salmon  nucleic  Bci4i 
also  causes  an  increased  elimination  of  nric  acid,  but  the  adenin  iplit  cffj 
therefrom  or  prepared  synthetically  does  not  have  this  action.     The  organii? | 
combinations  of  the  nnclein  bases  in  the  nncleina  seem  to  bo  essential  fof  J 
the  occurrence  of  allantoin  and  uric  acid  in  the  urine.     Hypoxanthin  takettj 
per  08  is  transformed  into  uric  acid  in  human  beings,  and  into  uric  acid  and 
allantoin  in  dogs.    Adenin,  which  in  dogs  does  not  cause  an  increased  elimt* 
nation  of  nric  acid  and  allantoin,  has  a  poisonons  action  and  leads  to  tli« 
abundant  deposition  in  the  kidneys  of  spherolitha,  which  contain  uric  acid. 
A  deposition  of  uric  acid  in  the  kidneys  may  occur  independently  of  ttip 
extent  of  uric-acid  elimination  by  the  urine. 

The  following  observations  of  Uopkins  and  Hope^  can  hardly  be  recon- 
ciled with  Minkowski's  investigations.  Apart  from  certain  other  obser- 
vations, which  do  not  apeak  for  the  ordinary  view  as  to  the  formation  of  nrifl 
acid  from  the  nucleins  of  the  food,  they  find  that  on  digesting  thjiDOs 
glands  with  gastric  jnice,  the  neutralized  extract,  which  contains  only 
traces  of  nnclein  or  nuclein  bases,  has  a  strong  augmentative  action  on  tiie 
elimination  of  uric  acid,  while  the  remaining  nncleine  themselves  have  only 
a  slight  action. 

The  increased  elimination  of  uric  acid  after  the  introduction  of  nncleiatj 
into  the  animul  body  does  not  depend,  according  to  Horbaczewski,  directly  I 
upon    a   decomposition    of   nucleins.     According  to   him    it  may  be  due' 
indirectly    to    the   leucocytosis   produced    by   the,  nnclein.     According  ta 
Horbaczewski   the  nric  acid  originates  chiefly  from  the  nnclein  of  tha  | 
destroyed  leucocytes,  and  the  greater  the  nnmber  of  leucocytea  in  the  blood 
the  greater  is  the  destruction  of  the  same,  and  hence  the  elimination  of  uric  I 
acid  is  correspondingly  increased.     Observations  on  the  elimination  of  nnc 
acid  stand  in  close  accord  with  this  theory*     Tlins,  for  example,  leucffmia, 
in  which  the  elimination  of  uric  acid  is  greatly  increased,  is  characteriwl 
by  an  abnormally  great  number  of  leucocytes  in  the  blood.     Those  medicar 
ments  which  increase  the  number  of  leucocytes  also  increase  in  general  th* 
elimination  of  oric  acid/ 

HoRBACZEW'SKi's  view  that  the  uric  acid  is  a  product  of  the  deatruct^^^ 
of  the  leucocytes  is  generally  accepted.     According  to  Mares  no  posit^^ 
proof  has  been  given  for  this.     It  has  not  been  proved  that  each  increaa^j 
the  nnmber  of  leucocytes  causes  an  increase  in  the  uric  acid  eliminated, 
in  fact  this  has  not  been  always  fonnd  after  feeding  with  nacleio/ 


*  Jouro,  of  Physiol. ,  Vol.  28. 

*  For  expliiDutiuii  as  to  tlie  di^cring  behavior  of  aDtlfebrin  and  atiii pyrin  sec  Horl 
2ewtski»  1.  c. 

'   "  Mnrci  Wien.  Sltzuogaber.,  Bd.  101,  Abtb.  3»  and  *'Zttr  Theorit  der  : 
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We  cannot  say  anything  positive  in  regard  to  the  organ  or  organs  in 
TrWch  uric  acid  is  formed* 

After  the   extirpation  of  the  kidneys  of  snakes  (Zaleski)  and   birds 

(?,  SrHUODKR')  an  accumnlation  of  nric  acid  in  the  blood  and  tiBSues  has 

been  observed.     This  ehowa  that  the  kidneys  of  tliese  animals  are  not  the 

[only  organ  prodncing  uric  acid,  and  any  direct  proof  of  the  formation  of 

[this  acid  in  the  kidneys  has  not  np  to  the  present  time  been  demooetrated, 

direct  relationship  between  the  spleen  and  the  formation  of  uric  acid 
in  man,  has  been  songht  by  several  investigators.  According  to  the  in- 
vestigations of  HoRBACZEWSKi  this  relationship  seems  to  be  of  an  indirect 
kind^  as  it  probably  stands  in  close  connection  with  the  importance  of  the 
spleen  to  the  formation  of  the  leucocytes.  If  tiric  acid  is  derived  in  man 
and  mammals^  as  generally  admitted,  chieJiy  from  nnclein^  then  we  miiat 
look  for  its  formation  where  a  destruction  of  tissnes  containing  nncleia 
takes  place,  even  though,  according  to  HoHBACZEnsKi,  it  originates  in  the 
first  place  in  the  destruction  of  the  leacocytes.  We  have  no  positive  basiB 
for  the  statement  that  uric  acid  is  formed  in  the  liver  of  man  and  mammals, 
while,  on  the  contrary,  the  formation  of  uric  acid  in  the  liver  of  birds  is 
fibown  to  be  highly  probable  by  the  researches  of  Minkowski, 

According  to  the  investigations  of  Frerichs  and  Wf>HLER  the  nric  acid 
introduced  into  a  mammal  organism  is  converted  in  great  part  into  urea, 
and  according  to  Wienek  glycocoll  in  rabbits  appears  as  an  intermediate 
ttep  in  the  deetraction  of  uric  acid.  As  the  liver,  according  to  Salaskik 
and  LoEwi  (see  page  412)  can  prodnce  urea  or  closely  allied  sabstances 
from  glycocoll,  it  is  quite  possible  that  the  liver  is  an  organ  in  which  uric 
acid  ifl  destroyed  with  the  formation  of  urea — an  assumption  which  coincidea 

fwith  the  observations  of  X'hassevant  and  Rlchet*  and  of  Ascoli. 
Properties  and  React  ions  of  Uric  Acid,     Pare  nric  acid  is  a  white, 
odorless,  and  tasteless  powder  consisting  of  very  small  rhombic  prisms  or 
platee.     Impure  uric  acid   is  easily  obtained  as  somewhat  larger,  colored 
crystals. 

In  quick  crvstaUization,  small,  thin,  four-sided,  apparently  colorless, 
rhombic  prisms  are  formed,  which  can  be  seen  oaly  by  the  aid  of  the  micro- 
Scope,  and  these  sometimes  appear  as  spools  because  of  the  ronnding  of  their 
obtuse  angles.     The  plates  are  sometimes  six-sided,  irregularly  developed ; 


bildung  im  SUugetlilerurgaulBnius."  Pra^,  l^^-^^  Bee  also  Mi  I  my  and  Malcolm,  Joum 
of  Physftil  ,  Vol  23;  Gumlieh,  ZeUsohr.  f,  phyaiol.  Chem.,  Bd.  18,  and  8tadlliagen. 
Virchow's  Arch  ,  B<i.  l(J9, 

^  Z;ilcslii,  "  UoUTsijchnngen  liber  dvu  urftmJ^cbeu  Prozess  "  (Tubioi^en,  1865),  cited 
from  riermaDD  &  HMndbuch,  Bd,  5.  Tbl.  1  ;  v.  ::5clir5der,  Du  Bols-Reymoud's  Arch,, 
1880.  8uppl.  Bd..  and  Ludwig*8  Festschrift.  1887. 

*  Wietier,  Arch.  f.  exp.  PaUx.  u.  Pharm.,  Bd.  40;  Cbassevaut  and  liichet.  Comply 
wad.  BOC.  biol.,  Tome  49  ;  AsooM,  Pfiftger'a  Arch*,  Bd.  72. 
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m  other  caees  they  are  rectangular  with  partly  straight  and  partly  jjgged 
Bides;  and  in  others  cases  they  show  still  more  irregular  forms,  thesiKalM 
dumb-bells,  etc.     In  slow  crystalHzatioti,  as  when  the  urine  deposits  ABedirj 
ment  or  when  treated  with  acid,  large,  invariably  colored  crystals  8ep«»t«t| 
Examined    with   the   microscope   these   crystals   appear   always  yelloir  orj 
yellowish  brown  in  color.     The  most  ordinary  form  is  the  whetstone  &1 
formed  by  the  rounding  off  of  the  obtuse  angles  of  the  rhombic  plate, 
whetstones  are  generally  connected  together,  two  or  more  crowing  ench^ 
other.     Besides  these  forms,  roaettes  of  prismatic  crystals^  irregolar  croaae^j 
brown-colored  rough  masses  of  destroyed  needles  and  prisms  occur,  as 
as  other  forms. 

Uric  acid  is  insoltihle  in  alcohol  and  ether;  it  is  rather  easily  soluble 
boiling  glycerin,  Tery  difficultly  solnble  in  coUl  water  (14,000-16,000  parte), 
and  difficultly  soluble  iu  boiling  water  (in  1800-1000  i>arts).  In  water  it 
40"  C.  it  dissolves  in  the  proportion  of  1  :  2400  (Smale).  Hydrorliloric 
acid  dissolves  it  somewhat  better  than  water.  It  is  solnble  in  a  wan»  soin- 
tion  of  sodium  diphosphate,  and  in  the  presence  of  an  exoees  of  uric  icii, 
monophosphate  and  acid  nrate  are  produced.  According  to  the  ordinarj 
view,  sodium  diphosphate  is  also  a  solvent  for  the  uric  acid  in  the  nriDCi 
but  according  to  Smale  the  monophosphate  has  only  a  slight  Bolrent 
action.  According  to  Rudel^  urea  is  an  important  solvent,  1000  c,c»  of 
a  2%  urea  solution  can  hold  on  an  average  0,520  grm.  nric  acid  in  solntion^ 
and  as  the  daily  quantity  of  urine  is  1500-2000  c.c. ,  and  this  coiiUini2<, 
nrea,  it  is  possible  for  the  urea  alone  to  liohl  nearly  all  of  the  uric  add 
eliminated  m  eolotion.  Uric  acid  is  not  only  dissolved  by  alkalies  and 
alkali  carbonates,  but  also  by  Beveral  organic  bases,  such  as  ethylaniin  and 
propylarnin,  piperidiu  and  piperazin.  Uric  acid  dissolves  without  decom- 
posing in  concentrated  sulphuric  acid.  It  is  completely  preci pi tate<i  from 
the  urine  by  picric  acid  (Jaffe').  Uric  acid  gives  a  chocolate-brown 
precipitate  with  phoapho-tungstic  acid  in  the  presence  of  hydrochloric  «dd. 

Uric  acid  is  dibasic  and  correflpoudingly  forms  t^o  series  of  mJ^, 
nentral  and  acid.  According  to  Bence  Jones'  hyperacid  salts,  QCi^ 
HI  URATES,  with  the  general  formnla  OJl,MN/),.C,n,X,0, ,  occur. 

Of  the  alkali  urates  the  neutral  potasgium  and  lithium  salts  diasol^^ 
most  easily,  and  the  ammonium  salt  dissolves  with  difficulty.  The  aci^* 
alkali  urates  are  very  insoluble,  and  separate  as  a  sediment  {g€dinmtu^\ 
lateriiium)  from  concentrated  urine  on  cooling.  The  salts  with  alkalin*^ 
earths  are  very  insoluble. 

If  a  little  uric  acid  in  enhstance  is  treated  on  a  porcelain  diili  with  i 


I 


•  Smale.  Centmlbl,  f.  Physiol.,  Bd.  U  ^  RUdel,  Arch,  f.  ejtp.  Path,  u.  PhaniL»Bd.8(^ 

•  Zeltschr.  f.  pbysiol.  Chem.,  Bd.  10. 

•  Jouni.  Chem.  Soc,  1862,  Vol*  15,  p.  8, 
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few  drops  of  tiitric  acid,  the  uric  acid  dissolves  on  wanning  with  a  strong 
derelopmeiit  of  gas,  and  after  Ihoroaglily  drying  on  the  water-bath  a 
beautiful  red  residue  is  obtainetl,  which  tarns  a  purple-red  (auimonitim 
purpiirate  or  murexide)  on  the  addition  of  a  little  ammonia.  If,  instead  of 
the  ammonia,  we  add  a  little  caustic  soda  (after  cooling),  the  color  becomes 
deeper  blue  or  bluish  violet.  This  color  disappears  quickly  on  warming, 
differing  from  certain  xanthin  bodies.  This  reaction  is  called  the  murexide 
test. 

If  uric  acid  is  converted  into  alloxan  by  the  carefnl  action  of  nitric  acid 
and  the  excess  of  acid  carefully  expelled  on  treating  this  with  a  few  drops 
of  concentrated  snlphttric  acid  and  commercial  benzol  (con tai Ding  thiophen), 
a  beautiful  blue  coloration  is  obtained  (DEyiofes'  *  reaction). 

Uric  acid  does  not  reduce  an  alkaline  solution  of  bismuth,  while,  on  the 
contrary,  it  redaces  an  alkaline  copper-hydroxide  golntion.  In  the  presence 
of  only  a  little  copper  salt  we  obtain  a  white  precipitate  cousisting  of  copper 
urate.  In  the  presence  of  more  copper  salt  red  suboxide  separates.  The 
combination  of  uric  acid  with  copper  suboxide  is  farmed  when  copper  salta 
are  reduced  in  alkaline  solution  in  the  presence  of  urate  by  glucose  or 
bisulphite. 

If  a  solution  of  uric  acid  in  water  containing  alkali  carbonate  ia  treated 
with  magnesium  mixture  and  then  a  silver-nitrate  solution  added,  a  gelatin- 
ous precipitate  of  silver-manrnesium  urate  is  formed.  If  a  drop  of  uric  acid 
dissolved  in  sodium  carbonate  is  placed  on  a  piece  of  ^ter-paper  which  has 
been  previously  treated  with  silver-nitrate  solution,  a  reduction  of  silver 
oxide  occurs  producing  a  brownish-black  or,  in  the  presence  of  only  0.00'^ 
milligramme  uric  acid,  a  yellow  spot  (Schiff's  teat). 

Preparaimi  of  Uric  Acidfrmn  Uruie.  Filtered  normal  urine  ia  treated 
with  20-30  c.c.  of  35<^  hydrochloric  acid  for  each  litre  of  urine.  After 
forty -eight  hours  collect  the  crystaU  and  ptirify  them  by  redissolving  in 
dilute  ^kali,  decolorizing  with  animal  charcoal  and  reprecipitatiug  with 
hydrochloric  acid*  Large  quantities  of  uric  acid  are  easily  obtained  from 
the  exoremeuts  of  serpen ta  by  boiling  them  with  dilute  caustic  potash  (5jt) 
until  no  more  ammonia  is  developed.  A  current  of  carbon  dioxide  is  passed 
through  the  filtrate  until  it  barely  has  an  alkaline  reaction*,  dissolve  tho 
separated  and  washed  acid  potassium  urate  in  caustic  potash,  and  precipitate 
the  uric  acid  by  addition  of  au  excess  of  hydrochloric  acid  to  the  filtrate. 

Qufrniitalive  Estimation  of  Uric  Acid  in  the  Urine.  As  the  older 
method  as  suggested  by  IIeixtz,  even  after  recent  modifications,  givea 
inaccurate  results,  we  will  not  give  it  in  detail. 

Salkowski  and  Ludwig's'  method  consists  in  precipitating  by  silver 

I  Jouruttl  de  Fharm.  e%  de  Chlm,,  Tome  18.    Ctted  from  Mnly's  Jabre«ber.,  Bd.  1^, 

*  BalkowsU,  Vircbow's  Arch.,  Bd.  52,  PflUger's  Arch.,  Bd.  5,  and  Practlcum  der 
pbyslol.  u.  paibol.  Cbem..  Berlin.  ldU3 ;  Ludwig,  Wiea.  med.  Jahrbticb,  1884,  Aud  Zei> 
•chn  f.  aa&l.  Cbem.,  Bd.  24. 
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nitrate  the  nric  add  from  tlie  urine  previously  treated  with  magnet 
mixtnre,  and  weighing  the  oric  acid  obtained  from  the  silver  nrei'i|>itatfe 
Uric-acid  deteroiinationa  by  tbis  method  are  often  performed  according  to 
the  suggestion  of  E.  Ludwig,  which  requires  the  following  solutions: 

L  An  AMMOKiACAL  SILVER-NITRATE  SOLUTION,  which  coiiUiius  in  one  Hire  26gmi«.  I 
Bllyer  Dili^aie  aud  a  quaniily  of  itmmutiia  aulHcleot  to  completely  rcilissolve  ihe  pf«ipi-] 
tale  produced  by  the   tir^t  addition   of  ammoDia.     2.   Maonesiv    mixture     DUvltl 
100  grtiis.  C!r3'stiilliz(!d  nmgnesiitm  chloride  in  water  nml  add  enoiigU  HnimoQi»  w  tb» 
the  liquid  suieHs  strongly  of  it.  and  enough  ammonium  chloride  to  dissolve  the  preci^ 
late  and  diluie  to  t  litre.     H    ^oDiUAf- pulp  hide  solution.     Dissolve  10  grros,  cauilH 
soda  wldcli   is  freti  from  nitric  ncid  iind  nitrous  acid  in   1  litre  of  water.     On<?|jal(c^ 
this  solution  is  completely  Buiurated  wiiU  Bulpliurett«d  hydrogea  and  Uiea  mijied  witli. 
the  oiher  lialf. 

The  concentration  of  the  three  solutions  is  bo  arranged  that  lu  c.a 
each  is  sutticient  for  100  c.c.  of  the  tirine. 

lOCi-200  c.c,  according  to  concentration,  of  the  filtered  nrine  f] 
from  proteid  (by  boiling  after  the  addition  of  a  few  drops  of  acetic  aeid)  ta 
poured  itUo  a  beaker     In  another  vessel  mil  10-20  c.c,  of  the  silTersAJu- 
tion  with  10-20  c*c«  of  tlie  magnesia  mixture  and  add  ammonia,  and  whe 
necessary  also  some  ammonium  chloride,  until  the  mixture  is  clear.    Thi: 
solution  is  added  to  the  urine  while  stirring,  and  the  mixture  alloweJ  t 
stand  qtiietly  for  balf  an  hour.     The  precipitate  is  collected  on  a  filte^r, 
washed  with  ammoniacal  water,  and  then  returned  to  the  same  beaker  by 
the  aid  of  a  glass  rod  and  a  wash- bottle,  without  destroying  the  filter. 
Now  heat  to  boiling  10-20  c.c.  of  the  alkali-sulphide  solution,  ^liich  ha* 
previously  been  diluted  with  an  equal  volume  of  water,  and  allow  tliissoln- 
tion  to  How  through  the  above  filter  into  the  beaker  containing  tbe  slider 
precipitate,  wash  with  boiling  water,  and  warm  the  contents  of  the  beaker 
on  a  water-bath  for  a  time,  atirriug  constantly.     After  cooling  filter  into  a 
porcelain  dish,  wash  with  hoiling  water,  acidify  the  filtrate  with  hytlro- 
chloric  acid,  evaporate  to  about  15  c.c,  add  a  few  drops  more  of  hydro- 
cliloric  acid,  and  allow  it  to  stand  for  24  hours.     The  uric  acid  whiclilia* 
crystallized   is  collected   on   a   small  weighed  filter,   washed  wiUi  water* 
alcohol,  etlier,  and  carbon  disulpbide,  dried  at  100-110'^  C,  and  wei|[M. 
For  each  10  c.c.  of  watery  filtrate  we  muBt  add  0.00048  gnn.  uric  m^  *** 
the  qnantity  fonnd  directly.     Instead  of  the  weighed  filter-paper  a  gl4S« 
tube  filled  with  glass-wool  as  described  in  other  handbooks  may  Ije  substi- 
tuted (Lrt>wiG).    Too  intense  or  continuous  heating  with  the  alkali  stilphM^ 
must  be  ])re vented,  otherwise  a  part  of  the  uric  acid  may  be  decompose. 

Salkowski  diifers  from  this  procedure  by  precipitating  the  urine  fit^t        , 
with  a  magnesia  mixture  (50  c.c,  to  200  c.c.  urine),  filling  up  to  30i)  r.c. 
and  filtering.     The  filtrate,  200  c.c,  is  precipitated  by  10-15  c.c.  of  a  3*    J 
silver-nitrate  solution.     The  silver  precipitate  is  shaken  with  2 00-300  c.c*    H 
water  acidified  with  a  few  drops  of  hydrochloric  acid,  decomposed  by  s*"'    " 
phnretted  hydrogen,  heated  to  boiling,  the  silver-sulphide  precipitate  boil«a 
with  fresh  water,  filtered,  concentrated  to  a  few  cubic  centimetres,  treated 
with  5-8  drops  of  hydrochloric  acid,  and  allowed  to  stand  until  the  nexttiaf* 

Hopkins's'  method  is  based  on  the  fact  that  the  uric  acid  is  completely 
precipitated  from  the  urine  as  ammonium  urate  on  saturating  with  ^B- 
monium  chloride,     Tbe  urine  is  saturated  with  ammonium  cbloriilo  v^^ 


I  Joura.  of  Path,  aud  BacterioL,  1B93,  aad  Proceed,  lioy.  Sue*,  V^*l.  53. 
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ex.  urine  add  30  grms.  ammoninni  chloride),  and  filtered  after  two 

ITS.    Wash  with  a  saturated  soliition  of  ammoninm  chloride,  and  transfer 

precipitate  from  filter  to  a  small  beaker  by  means  of  boiUng  water,  and 

DmpoBe  it  with   liydrocliloric   acid    and    heat*      The    uric   acid    which 

urates  is  weighed  by  the  Ludwig-Salkowski  method,  and  for  every  15 

of  mother-iiqaor  add  1  milligrammo  to  tiie  weighed   uric  acid.     The 

I  acid  in  the  ammonium  urate  may  also  he  determined  by  titmtion  with 

ifigiam  permanganate,  but  the  contents  of  the  filter  must  first  be  washed 

from  chlorine   by  washing  with   a  saturated  solotion  of  ammonium 

fcate.     The  precipitate  is  washed  oil  from  the  filter  into  a  flask  with  hot 

^r(200c.c.),  aud  allowed  to  cool  to  "20"'  C,  and  then  treated  with  15  c.c. 

^entrated  salphuric  acid  {sp.  gr.  1,84).     The   mixtnre  attains  a  tem- 

X 
Hare  of  60-03°  C,  and  if  we  titrate  at  this  temperature  with  a  -- 

lasiam  permanganate  solufcioii  each  cubic  centimetre  of  the  permanganate 
tion  corresponds,  according  to  Folix,  to  exactly  3.75  milligrammes  uric 
^  Hopkins  obtained  also  3.75,  while  RiTTErt,'  on  the  contrary,  obtained 
,  milligrammes  uric  acid.  Hopkins's  method  is  claimed  to  give  as  exact 
llts  as  the  Salkowski-Luowig  method.  According  to  Folin  it  is  not 
^ssary  to  saturate  the  urine  with  ammonium  salt,  but  this  is  denied  by 
^rs,  and  he  has  essentially  shortened  the  method  by  precipitating  with  a 
ammonium  sulphate  solution. 

In  regard  to  the  various  modifieutiona  of  the  above-described  methods, 
^ell  as  to  the  numerous  other  methods  for  estimating  uric  acid, 
Biust  refer  to  special  works  on  the  subject,  and  especially  to  Hupfert- 

TBAUER.' 

K&nthin  Bodies  (Alloxirio  Bases),  The  alloxuric  bases  (purin  bases) 
id  in  hamun  urine  are  xatilkiny  guanin^  hypoxauthin,  adenin^  para* 
&i>4,  heUroxanthin^  episarkin^  epiguaniiiy  l-fneihglxantkin^  and  carnin. 

occurrence  of  gaanin  and  carnin  (PorunET)  Is,  according  to  KrittER 
Salomox,'  not  positively  shown.     The  quantity  of  these  bodies  in  the 

s  ia  extremely  small    and  variable  in  different   individuals,     Flatow 

Reitzenstein  *  found  15.6-45.1  milligrammes  in  urine  voided  during 
ity-four  hours,  l^lie  quantity  of  alloxuric  bases  in  the  urine  is  increased 
llarly  after  feeding  with  nuclens  nuclei  us  and  after  free  destruction  of 
pcytes.  The  quantity  Is  especially  increased  in  lencicmia.  We  have  a 
iber  of  observations  on  tlie  elimination  of  these  bodies  in  difierent  dis- 

i,  but  they  are  hardly  trustworthy,  on  account  of  the  inaccuracy  of  the 
bods  used  in  the  determinations.  It  must  also  be  remarked  that  the  three 
toric  bases,  heteroxanthin,  paraxanthin,  and  1-methylxanthin,  which 


Poliu.  ZeiUcbr.  f.  phyaiol.  Chem. ,  Bd.  24;  Ritter,  ibid.,  Bd.  21. 

Hnru- Analyse  10,  Aufi.,  1898, 

ZeitBcLr.  T  physioL  Cliem,,  Bd.  M  ;  Puuchet,  '*  CoDtribuliona  i\  la  ctmnaissauce  dea 

feres  extractives  de  FurlDe,"    Tli^se  Paris,  1880.     Cited  from  Huppert-Ntjubauer, 

13  aud  335; 

Dl-u»8cU.  med.  Wochenschr.,  1897. 
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form  the  chief  mass  of  the  alloxuric  bases  of  the  uriQe,  are  derired,  acoord* 
ing  to  the  investigatioos  of  Albanese,  BoNDZYNSKi  and  GoiruEitJ 
E.  FrsiHER,  M.  Kruoer  and  G.  Salomon,*  from  the  theobromin.  cafe'm, 
and  theophyllin  bodies  occnrntxg  in  oor  food.  As  tbe  four  real  nndeia 
baees  and  carnin  have  been  treated  of  in  Chapters  V  and  XI,  it  only  remaios 
to  describe  the  special  urinary  xanthin  bodies. 

Heterozantkin,  CJIfiNtO*  =  T-iiioBometbylxanlhin,  was  first  detected  In  tbe  uriai 
by  8au>mun,^  It  is  ideulical  wiili  ibe  moaomeihylxanthtn  wliicU  pnsset  ioto  ihe  ufiD* 
after  fLttiing  with  theobmmiu  or  cufTeiu. 

netcroxaiitlihi  crysiullizea  in  sliitiini?  needles  aud  dissolves  with  dtfficultT  in  cold  waiei 
(1593  parts  at  iy*C.).  Ilia  readily  soluble  in  ammonia  and  alkiUies  i'hc  cry^fiDe 
sodium  suit  la  insoluble  in  strong  *jaii!*iic  ulkali  (33Jt)  and  dissolves  with  difficulty  in  ▼iter 
Tbe  chloride  crystallizes  btaulifully.  is  relaltvtdy  insoluble,  aod  is  readily  decomposed  hu 
tbe  fne  base  mid  bydrocbloric  adtl  by  water.  Heteroxantlda  is  prt'oipilaled  by  copper 
sulpliJile  and  bisulphite,  murcuric  cbloride,  bsusic  lead  acetJi lean d  ammonia,  aad  bytilffr 
nitmte.  The  silver  compound  ilisj^olves  ratber  easily  in  dilute,  WHrrii  iiilric  acid ,  il 
cryslallizea  lu  small  rborubtc  plaies  or  prisms,  often  growD  logeiher,  formine  chanr- 
teHatic  crosses.  Oeturoxantbin  does  not  give  the  xanthia  reuctioD*  but  Jot^  giT<* 
Wei  DEL*  a  reaciinn  aero  rd  ing  to  FisciTEK  Tsee  Chnpter  V). 

1  -  Methyl  zanthin,  CfilI«Ni(ii«  was  first  isL>hled  from  tbe  urine  and  studied  by  Kbcgo, 
and  then  by  Kiuhjer  nod  Salomon.'  It  la  difficultly  soluble  in  rold  water,  but  retdllj 
soluble  in  aminoniu  and  rau.^itic  soda,  nod  does  tiot  give  au  insoluble  sodium  combinntfoc. 
It  ii  readily  soluble  in  dilute  aiuds.  Tlie  chloride  is  decomposed  into  bas«and  bydnr 
cblorie  aciil  by  wnler.  l-iuelbylxaDtbin  gives  cr^'stalline  double  salts  with  phitinuni  askl 
gobl.  It  la  not  pr<eipi!ated  by  basic  lend  acetsite,  and  when  {n\t^  not  by  b«sic  lend 
acetate  aud  ammonia.  Wilb  aiumonin  and  silver  nitrate  it  gives  a  gelalinous  precipltili". 
The  8sl%^er  nitrate  compound  crysiallized  frtim  niirte  acid  forms  rosettea  of  unlt«l 
needles.  With  tbe  xantbin  te^t  with  nbric  acid  it  gives  an  orange  coloration  oti  Ik 
addition  of  caustic  soiia.  It  gives  Wj:iiiel'8  reaction  (aceonling  toFt'-CHER*  beautifulh. 

ParaxantkiQ,  CtHftX^Ot  ==  1  T-rlirnethyixantbin,  undhtabrofnin  (THUPtcnrii),  ww 
first  isolated  from  the  urine  by  Thud^ciium:  imd  Salomon.*  It  crystallizes  tiejiulJfullT 
in  fiiX'sidtid  plates  or  in  needles.  Tbe  sotiium  Ci»mbinntion  crystallizes  in  reftAngiila: 
platen  or  prisms  and,  like  the  heteroxanthiu  sudium  com|vouod,  is  insoluble  in  33^  csiuutic- 
aoda  solution.  Tlie  soditiin  compound  separates  in  a  crystrdline  state  on  neutmliziof  i^i 
solution  in  waler,  Tbe  chloride  is  readily  soluble  and  is  not  decomposed  by  WAtcL 
Tbe  chhvropbitinalo  erystidlizts  very  beauti fully.  Mercuric  ebloride  prtcipiiali^  only 
when  added  to  excess  aiid  after  a  long  time,  t'be  silver  nitrute  cnmbinatioa  sepanit^ 
as  while  silky  crystals  from  bot  ntlric  add  ou  cooling.  It  gives  Wkibel's  reaction. tnit 
but  not  tbe  xuntbin  test,  with  nitric  add  mid  alkali. 

Episarkin  is  tbe  nnme  given  by  Balkb  to  a  new  Xfint bin  base  occurring  in  hun»ajj 
urine.     The  same  body  has  been  oliserved  by  Salomon  *  in  pigs'  nrtd  dogs'  urine,  Jis'*" 
as  io  urine  in  leucaenda.     Balkb  gives  C\HtNiO  as  lite  pr^  bnble  fofintiTa  for  episAT^'J"' 
It  Ih  nearly  insoluble  \\i  cold  water,  dissolves  wiUi  difflculiy  in  hf»t  water,  hut  niA?' 
obtjiined  tberefiom  as  long  line  needles.     Kpisarkin  does  not  give  ih«' x?ioildn  ri-uct^* 
wilb  jiitiic  acid  nor  Weixiki/h  reaction.    Wlib  bydrocbloric  aciil  and  potassium  chU'^ 
it  gives  a  white  residue  which  turns  violet  with  aminoniji.     It  does  not  form  any  i^'" 
uble  sodium  compound*     Tbe  silver  combbiation  is  difficultly  soluble  iu  nitric  sclj 


'  Albanese.  Arch.  f.  cxp.  Path.  u.  Pharm.,  Bd.  35;  Bondzynski  and  GollHeK  i^^  ^ 
Bd,  30,  and  Ben  d.  dcutsch.  cbem.  Gesdlscb.,   Bd.  26;  E.   Fischer,   ibid,,  Bd.  8(r- 
2405  ;  KrUger  and  Salomon,  Zeitschr.  f,  physiol.  Chem.,  Bd,  36. 

'  Du  Bois- Hey  mood's  Arch.,  1885  ;  Ber.  d«  deutsch,  chcm.  Gesellscb.,  Bd.  18; 
■chr,  f,  physioL  Chem.,  Bd.  11. 

'  Krtlgcr.   Du   Bois^Reymond's  Arch..    1894 ;    KrUger    and    Salomon,    Zeitwjbr 
ph3'8ioL  Chem-.  Bd   "H. 

*Tbndicbum,  *' GrundzClg©  d.  anal.  med.  klin.  CbemieW Berlin,  1880  >;  Saloiii 
Dti  BiMs  Ueyininid's  Arch.,  1882.  and  Ber.  d.  deuUcb.  cbem.  Uesellsch..  Bdd,  16  and 

^  Bulke,  *'  Znr  Keunlnissder  XantbinkOrper"  (Iuaug.*Dis8.,  Lei[>zig,  1890)  i  Saton 
Zeitscbr.  f.  physiol.  Cbem.»  Bd.  18. 
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lAQin.  CiHiN^O,  =  T-melhylguanin  (Kuugke  nod  Salomon)  was  flnst  prepared 
i  the  urine  by  KrI'ger.*  It  b  crjst&lline  and  diflicultJy  soluble  in  Lot  water  ar 
K>niH  It  crystallizeii  from  a  bot  83^  citUBtle-^oiia  fiolution  od  cooHog  itito  bruad 
fctJg  ctjiitals.  It  dissolves  reudily  in  liydrucblork  or  sulpliurie  iicid.  It  gives  a 
^cterisiic  chtoroplalinate  crystalliiiug  in  six  sided  prisms  It  la  precipitated  neither 
|iu»ic  lead  acetate  nor  by  basic  lead  acelftte  and  ammoDiiu  Silver  Ditmte  and  \m\- 
|a  ^ve  a  gelaUuous  preclpitHte.  It  gives  the  xatitbin  lest  with  nitric  ncid  ami  alkali. 
Ordiog  to  FISCHER  it  nets  like  episnrkin  uiilj  Weidel'b  test. 

|p  preparing^  xauthiu  bodies  from  Ibe  urijie,  it  is  supersaturated  with  ammonia  ntid 
(IpiUiled  by  a  silver- nitrate  solution.  The  precipitate  is  then  decompused  with  bul- 
petted  hydrogen.  Tbc  boll iog- hot  filtrate  is  evaporated  h*  dryness  :md  tlie  dried 
|ue  treated  with  3^  sulphuric  acid.  The  xantbin  hod  lea  are  difisolved,  while  Ibe 
fiicid  remains  UDdit-snlvetl.  This  flltrale  issatumted  with  ammt>uia  and  preclpitaled 
tlver-nitnUe  sotut'on.  If  instead  of  precipitating  wllii  silver  solution  Tve  desire  to 
jlpitate,  according  to  Krugeh  and  Wulff,^  with  copper  suboxide,  we  heat  tbe  urine 
MHug  and  immediately  add,  succ*  ssivLdy,  100  c.c.  of  a  r>Olt  smlium-biaalphite 
|loo  and  100  c.c.  of  a  12^  cnppcr-sulphate  snhition  for  every  litre  of  urine.  The 
pughly  wa<ihed  precipitate  ia  decomposed  with  hydrochloric  acid  and  sulphuretted 
ioffeo.  Tbe  uric  acid  remains  in  great  part  on  ilie  tllter.  If  you  have  a  mixture  of 
pifver  combinations  of  the  bases  (sec  above),  ihey  may  be  decomposed  by  hydrem- 
ic acid.  Further  delails  in  regard  to  the  treatment  of  the  sululioo  of  the  hydru- 
ic-acid  combiuatious  may  be  found  in  Krugbr  and  Salomon.' 

yQuaHiitatim  Estimation  of  Atloxuric  Bases  according  to  Salkowski.* 
to  COO  c.c.  of  the  urine  free  from  proteid  ia  first  precipitated  by 
esia  mixture  and  then  by  a  B^  silver-Ditrate  eolation  as  deBcribed  on 
434.  The  thoronglily  washed  silver  precipitate  is  decomposed  by 
Ihnretted  hydrogen  after  being  snspended  in  600-^00  c.c.  water  with 
I  addition  of  a  few  drops  of  hydrocljloric  acid.  It  is  heated  to  boiling- 
I'  filtered  hot,  and  finally  evaporated  to  dryness  on  the  w^ater-hath.  The 
EJne  is  extracted  with  20-30  c.c.  hot  3;^  stilphnric  acid  and  allowed  to 
td  24  hoars,  the  uric  acid  filtered  off,  washed,  the  filtrate  made  am- 
liacal,  and  the  xanthin  bodies  precipitated  again  by  silver  nitrate,  the 
lipitate  collected  on  a  small,  clilorine-free  filter,  washed  thoronghly, 
n,  carefnlly  incinerated,  the  ash  diBsolved  in  nitric  acid,  and  titrated 
I  ammonium  sulphocyanide  according  to  Volhakh's  method*  The 
oninm-Bulphocyanide  solution  should  contain  1.2-2.4  grms.  per  litre 
itfi  strength  be  determined  by  a  silver-nitrate  solution:  1  part  silver 
nds  to  0.277  grm.  nitrogen  of  alloxanc  bases  or  to  0.7381  grm, 
uric  bases.  By  this  method  tbe  uric-acid  and  alloxurio  bases  can  be 
Itaneously  determined  in  the  same  portion  of  urine.* 

IjkLFATTt*  determines  tbe  nitrogen  of  the  alloicuHc  bases  in  the  filtrate  from  tbe 
kratid  uric  acid  cotitaining  liydruchloric  acid.  This  nitrate  is  evaporated  with 
Ittesia  until  all  afunionia  ban  been  expelled  and  the  residue  used  for  the  Ejeldahl 
rmi  nation. 

r— -—••■— 

|Bu  BoiS'Reymotid's  Arch.,  1804  ;  KrUger  and  Salomon,  Zeitsehr«  f.  phyalol,  Cheta., 
I.  24  and  26. 

IZeit^br,  f.  pbysiol,  Chem.,  Bd.  20. 
Ibid,  26. 

fPflUger's  Arch,,  Bd.  69. 

In  regard  to  details  we  refer  the  reader  to  the  original  paper. 
enlralbL  f .  ionere  Med,,  1897, 
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uiic  acid  Ditrogeu  and  tbe  total  uitrogen  of  tbe  alloxtiric  bodies  of  tbe  iilver  jiitcipttite 
(Cam£BK11«  Arnstein').     Salkowski  bas  raised  ibe  objt^ction  lo  ibis  procecfure  tbiit  it 
is  noi  possible  to  remove  all  iha  miminiiiii  from  Ibe  silvtr  preclpitale  by  wsisbing.    Ac- 
cording to  AiiNBTEiN,'  \\m  tan    ruadilj  be  done  by  builiug  tiie  preripjintt-  i»i  waier 
and  some  maL-^nt-sia,  and  under  these  drcurosLauces  tbis  nietlioii  is  qnile  strvictaUe. 
Tlie  niirogeu  is  tistiinated  hy  K.ieldahl'b  tnetliod.     Tbe  uiic-add  lUTopen  iiniUipliird 
by  3  ^vi's'the  qnantily  of  uric  add.     As  tlie  mixture  of  alloxnrlc  bases  in  fh*?  urine  is 
not,  known,  tlie  quimliiy  of  nitrogen  of  tbe  alloxurfc  bas<^  ia  always  cj>l<'idiit^d  ai  m 
certain  alloxuiic  base,  for  example  xantliln  (Cameiier).  and  tbe  qrjatilily  bo  foantl  used 
as  a  measure  for  ihe  pdloxuiic  bases.     Krijoer  and  Wn^FF's  meiljod  )iua  been  sbcini 
by  tlte  researclH's  of  Huppert.  Salkouaki,  Flatow,  and  Reitzensteik*  ool  to  yield 
suffipieDilv  ac<! urate  results. 

Oxaluric  Acid,  CILN^O,  =  tCON»H,)C0.C0OH.  Tbis  acid,  whose  relation  lo 
uric  acid  and  urea  baa  been  apolceii  of  above,  occurs  only  as  traces  in  ihc  uHfje  is 
ammtininra  sails.  This  stdt  is  not  directly  precipitated  by  CaCl,  and  KH,  ,  hut  tffer 
laaling,  when  it  is  decomiwsed  into  urea  and  oxalate.  In  preparing  oxaluric  acid  fn-nu 
urine  Tbe  latter  is  filtered  through  animal  ctiarcoaL  The  oxalurate  retained  bvUic 
cbarcoal  may  be  obtained  by  boiling  with  alcobob 


Oxalic  Acid,  C,H,0^ ,  or  pi^/-|TT  >  occurs  under  physiological  conditions 

in  very  small  amoants  in  the  urine,  about  0,02  grm.  in  24  honra  (FfB- 
B RINGER*).  According  to  the  generaUy  accepted  view  it  exists  in  tbe 
nriDe  as  calcium  oxalate,  which  is  kept  in  solution  hy  the  acid  phoepliitw 
present.  Calcium  oxalate  is  a  frequent  conatitnent  of  urinary  sediments, 
and  occnrs  also  in  certain  urinary  calctdi. 

The  origin  of  the  oxalic  acid  in  the  urme  is  not  well  known*    Oxalic 
acid    when    ad  ministered    is   eliminated^    at   least   in   part,  by   the  nnM 
unchanged ; '  and  as  many  vegetablea  and  f  raits,  such  as  cahhage,  spinach, 
asparafjus,  sorrel,  apples,  grapes,  etc.,  contain  oxalic  acid,  it  is  possible  tbat 
a  part  of  the  oxalic  acid  of  the  nrine  originates  directly  from  the  food. 
That  oxalic  acid  may  he  formed  In  the  animal  hody  as  metabolic  product* 
from  proteids  or  fats  follows  from  tlie  oiiservatioiis  of  Mills  and  LCtii^^^» 
who  found  in  dogs  on  an  exclosively  meat  and  fat  diet,  as  also  in  starvati*'^^ 
that  oxalic  acid  was  eliminated  by  the  nrine.     A  part  of  the  oxalic  ^^ 
may  also  be  due  to  a  greater  destruction  of  proteids  or,  as  fonnd  by  ReA^ 
and  BoEUi,  as  well  as  TEiiRAY,'  a  greater  quantity  of  oxalic  acid  eliminate 
with  diminished  oxygen  supply  and  increased  proteid  destruction-     So  J' 
claim  that  oxalic  acid  is  formed  by  an  incomplete  combustion  of  the  cartH^ 
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1  Camer€^r.   Zeitacbr.  f.  Biologic,  Bdd.  2i  and  28 ;    Arnstein,  Zeitscbr,  f.  pb^ai^^ 
Chem..  Bd.  23. 

•  Salltowski*  L  c;  Amsleiii,  Ceulralbl.  f,  d.  med»  Wissentcb,,  1898. 
■Krttger  and  Wulff,  Zeitschr.  f.  physiol.  Cbem..  Bd.  20;  Huppert,  ibid.,  Bd.  23 

Salkowski,  Deutscb.  mcd.  Wijch©m*€hr.»  1897  ;  Fhuow  and  Reilzenstein,  ibid.,  18&T. 

<  Deutscb.  Arch.  f.  kiln.  Med,.  Bd,  18.   See  al&o  Danlop,  Jouru.  Path,  and  Bacteriol.* 
YoL  3. 

•  In  regard  to  the  liebavior  of  oxalic  acid  In  the  aDimal  body  «ec  page  47ft, 

•  Mills,  Vtrcbow's  Arch..  Bd.  09;  LlUhje,  Zeitschr.  f,  klio    Med,,  Bd.  35, 
'  R«;ale  and  Boeri,  Wien,  med*  Wocbeaachr.,  18&5 ;  Teiray,  PJitlger*8  Arch..  Bil  6& 
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fc/dratesj  bat  this  id  denied  by  Lutuje,  and  finally  the  oxalic  acid  of  tha 

wcine  is  considered  its  an  oxidation  prod  net  of  uric  acid.     Lommel  '  haa 

found  for  three  days  with  food  free  from  oxalic  acid  and  taking  each  day 

0,671  gnn.  oxalic  acid,  aa   swlium  oxalate,  that  only  10.3^   of    the  acid 

^aa  regained  in    the   nrine   and  faeces,    which    Beems    to   show   that    the 

^id  is  consnmed  in  the  animal  body.     When  an  increase  in  the  tiric  acid 

♦"^iuiinated  was  obtained  by  feeding  with  thymns,  the  elimination  of  oxalio 

^(^id  was  simultaneously  increased.     Lommel  has  also  found  tlmt  gelatin 

^^tisiderably  increases  the  elimination  of  oxalic  acid. 

'        An  increased  elimination  of  oxalic   acid   may  occur   in   diabetes  and 
'uteres.     The  question  whether  it  occurs  as  an  independent  disease  (o;ra- 
Uriuy  oxalic-acid  diathesis)  has  not  been  podtively  decided. 

The  properties  and  reactions  of  yxulic  acid  and  calcium  oxalate  are  well 
inown.     Calcium  oxalate  m  a  constituent  of  urinary  sediments  will  be 
escribed  later. 


i 

■  Detection  nufl  Qnnntiiattv^  Fsttnmtiori  of  Oxalir  Acid  in  Urine,  The 
Ipresence  of  oxalic  acid  iu  solution  in  urine  is  deteriuined  according  to  the 
ttiethod  suggested  by  Nfabai  Eit,  who  treats  50D-^><Xi  c.c.  of  the  urine  with 
OaCl,  8olntiori,  makes  alkaline  with  ammonia  and  tben  faintly  acid  with 
acetic  acid.  After  24  hours  the  precipitate  is  collected  on  a  small  filter, 
'Washed  with  water,  treated  with  hydrochloric  acid  (which  leaves  the  uric 
»cid  nndissoWed  on  the  filter),  and  washed  again  with  water.  The  filtrate, 
including  the  waali-water,  in  treated  with  an  excess  of  ammonia  and  allowed 
to  stand  24  hours.  Calcium  oxalate  separates  as  quadratic  octahedra.  The 
quantitative  eBlimation  is  performed  after  the  mine  principle.  The  oxalate 
is  converted  into  quicklime  by  heat,  and  weighed  as  such. 

AllantoinorGLYOXYLDiUREiiJ,  Cdi.^  A>.orCUC  ^ttw  ^*^  \ 

*    •    *   •  \NHXO 

occurs  in  the  orine  of  children  within  the  first  eight  days  after  birth,  and 

in  very  small  amounts  also  in  the  urine  of  ad  nits  (Gusserow,  Zieoler  and 

Hermaxx).     It  is  found   in  rather  abundant  quantities  in  the  urine  of 

pregnant  women  ((Iusserow^).     Allantoin  has  also  been  found  in  the  urine 

of  sucking  calves  (Woiiler),  arid  sometimes  in  the  urine  of  other  animals 

(Meissner).     It  is  also  found  in  the  amniotic  fluid  and,  as  first  shown  by 

Vauquelin  and  LASSAir«NE/  in  the  allantoic  Hold  of  the  cow  {hence  the 

name).     Allantoin  is  formed,  as  above  stated,  by  the  oxidation  of  uric  acid. 

The  increased  elimination  of  allantoin  which  Salkowski  observed  in  dogs 


r 


*  Commuuicutlua  of  Fr.  VoU,  Sitmogsbor.  d,  GesellaeU.  f,  ilorph.  u.  Physiol,  m 
Mflncben,  1809. 

'  Zicgler  nud  Ilermauu,  see  Uusaerow,  Arch.  f.  GyuUkol,  BiL  3— bolli  ciied  froia 
Happert-NeiibaiiLT,  H:iiii- Analyse,  10.  Aafl.,  S.  377;  W5hler,  Autial.  d.  Chem.  u, 
Phurm.,  Bd.  70;  MeUsner,  Zellsclir.  f.  rat.  Med.  (3).  Bd.  31;  LtiasaJgDc,  AduqL  tkCbim. 
ct  Plijs.,  Tome  17. 


440 


UBINS. 


after  the  admiDistration  of  nric  acid  sihowB  that  the  formation  of  allatitoin 
from  uric  acid  in  the  organism  is  not  improbable,  BoRissow  has  observed 
an  abnndant  elimination  of  allantoin  ie  dogs  after  poisoning  with  diamid^ 
and  Th,  Coun  has  observed  an  abundant  elimination  of  allantoin  after 
thymas  feeding.  Salkowski*  has  observed  the  same  on  feeding  with 
pancreas.     Allantoin  Las  also  been  fonnd  in  the  plant  kingdom, 

Allantoin  is  a  colorless  substance  often  crystallizing  in  prisms,  difficultly 
eolnble  in  cold  water,  easily  soluble  in  boiling  water  and  also  in  warm 
alcohol  J  but  not  solable  in  cold  alcohol  or  ether.  It  combines  with  acids, 
formiug  salts.  A  watery  allantoin  solution  gives  no  precipitate  with  silver 
nitrate  alone,  but  by  the  careful  addition  of  ammonia  a  white  Hoccalent 
precipitate  is  formed,  CJI^AgN^O, ,  which  is  soluble  in  an  excess  of 
ammonia  and  which  consists  after  a  certain  time  of  very  email,  transparent 
microscopic  globnles.  The  dried  precipitate  contains  40. 75?^  silver.  A 
watery  allantoin  solution  is  precipitated  hy  mercnric  nitrate.  On  continu- 
ous boiling  allantoin  reduces  Fkhlikg^s  solution.  It  gives  Schiff's  fnr- 
f  arol  reaction  less  rapidly  and  less  intensely  than  nrea,  Allantohi  does  not 
give  the  mnrexid  test. 

Allantoin  is  most  easily  prepared  by  the  oxidation  of  oric  acid  with  lead 
peroxide.  In  preparing  allantoin  from  calves*  nrine,  concentrate  the  urine 
on  the  water-batli  to  a  syrnp  and  allow  it  to  stand  in  the  cold  for  several 
days.  The  crystals  which  are  separated  from  the  precipitate  by  washing 
are  dissolved  in  boiling  water  with  the  addition  of  some  animal  charcoal, 
and  filtered  while  hot;  theu  acidify  the  filtrate  faintly  with  hydrochloric  acid 
(so  as  to  keep  the  phosphates  in  solution)  and  allow  it  to  crystallize. 
Allantoin  is  detected  in  human  urine  by  the  method  first  snggeste*!  by 
Meissnek.  It  consists  chiefly  of  the  following  points:  Precipitate  the 
nrine  with  baryta- water,  filter,  remove  the  baryta  with  sulphuric  acid,  filter 
again,  precipitate  the  alhintoin  with  IlgCl,  in  alkaline  solution,  decompose 
the  precipitate  with  sulphuretted  hydrogen,  concentrate  strongly,  purify 
the  crystals  which  separate  by  recrystallization,  and  lastly  prepare  the  silver 
combination, 

Hippnrio  Acid,  or  benzoyl-ajiido  acetic  acid,  CJI^NO,  or  C^H^.CO. 
KI1,CII,.C00H.  This  acid  decomposes  into  benzoic  acid  and  glycocoll  on 
boiling  the  urine  with  mineral  acids  or  alkalies,  and  also  by  putrefaction. 
The  reverse  of  this  occurs  if  these  two  components  are  heated  in  a  sealeJ 
tube  according  to  the  following  equation;  C.H.COOIl  +  NH,.OU,.COOH 
^  C,If..C0.NIi.CIl,.COOH  +  11,0.  This  acid  may  be  synthetically  pre- 
pared from  benzamid  and  monochlor-acetic  acid,  C,H^.CO.NH^  +  CH,CL 
COOH  =  C.1I,.C0.NU.CU,.C00H  +  HCl,  and  in  varioas  other  ways, 

Hippuric  acid  occurs  in  large  amounts  in  the  nrine  of  herbivora,  but 
only  in  small  quantities  in  that  of  carnivora.     The  quantity  of  hippurie 


'  BalkownkJ,  Bcr.  d.  dcutsch.  cbem.  Oeiellscb..  Bd.  0  :  Boiissow .  ZciUcbr.  f,  pbyaioU 
Cbern.,  Bd  lU;  Coho,  ibid.,  25  ;  Sftlkowskl,  Ccntmlbl.  f,  d.  med.  Wissecsch.,  18^8, 
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acid  eliminated  in  human  nrine  on  a  mixed  diet  ia  tiaaally  less  tiian  1  grm. 
per  day;  as  an  average  it  is  0.7  grm.  After  eating  freely  of  vegetablea 
and  fruit,  especially  such  frnit  as  plum^,  the  quantity  inuy  be  more  than 
2  grms.  Ilippuric  acid  is  also  found  in  the  perspiration,  blood,  suprarenal 
capsule  of  oxen,  and  in  ichthyosis  scales.  Nothing  is  positively  known  in 
regard  to  the  quantity  of  hippnric  acid  iu  the  urine  in  disease- 

The  Formation  of  Hippnric  Acid  in  the  Organism.  Benzoic  acid  and 
also  the  substituted  benzoic  acids  are  converted  into  hipparic  acid  and  sub- 
Btitnted  bippuric  acids  within  the  body.  Moreover,  those  bodies  are  trans- 
formed into  hipparic  acid  which  by  oxidation  (toluol,  cinnamic  acid^ 
hydrocinnamic  acid)  or  by  reduction  (quinic  acid)  are  converted  into  ben- 
zoic acid.  The  question  of  the  origin  o^  hippuric  acid  is  therefore  connected 
with  the  question  of  the  origin  of  bnuzoic  acid;  for  tlie  formation  of  the 
second  component,  glycocoll,  frorr  the  protein  substances  iu  the  body  ia 
unquestionable. 

Hippuric  acid  is  found  in  the  urine  of  starving  dogs  (Salkovvski),  also 
in  dog's  urine  after  a  diet  consisting  entirely  of  meat  (Meissxer  and 
SitEPAur*,  Salkowski,  and  others').  It  is  evident  that  the  benzoic  acid 
originates  in  these  cases  from  the  proteids,  and  it  is  generally  admitted  that 
it  is  produced  by  the  putrefaction  of  proteids  in  the  intestine.  Among  the 
products  of  the  putrefaction  of  proteid  outside  of  the  body  Salkowski  has 
found  phenylpropionic  acid,  0,11,. ClI,. ClI,. COOH,  which  is  oxidized  in 
the  organism  to  benzoic  acid  and  eliminated  as  hippuric  acid  after  combin* 
ing  with  glycocolh  Phenylpropionic  acid  seems  to  be  formed  from  the 
aniidophenylpropiouic  acid,  which  is  derived  only  from  the  plant  proteids. 
The  supposition  that  the  phenylpropionic  acid  is  produced  from  ty rosin  by 
putrefaction  in  the  intestine  has  not  been  substantiated  by  the  researches  o£ 
lUiMAXi^,  ScHOTTEN,  and  IUass.*  The  importance  of  patrefaction  in  the 
intestine  in  producing  hippuric  acid  is  evident  from  the  fact  that  after 
thoroughly  disinfecting  the  intestine  of  dogs  with  calomel  the  hippuric  acid 
disappears  from  the  urine  (Baumann  '). 

The  large  quantity  of  hippuric  acid  preeent  in  the  urine  of  berbivora  ia 
partly  eiphiiued  by  the  specially  active  processes  of  putrefaction  going  on 
in  the  iuteatine  of  herbivora,  but  is  especially  doe  to  the  large  quantity  of 
substances  forming  benzoic  acid  in  the  plant-food.  According  to  GoT2B 
and  Pfeiffee*  the  pentoses  stand  in  close  connection  with  the  eUmination 


*  Salkowski,  Bcr  d.  deuUcli.  cbem.  Gesellach.,  Bd.  11 ;  Meiasncr  and  Shepard,  Uo* 
iersuch,  Qber  das  Eutstehen  der  Hippursaure  im  thieiiftcbeo  Organismu«,  nannover* 
1866. 

'  E.  aod  H.  Sulkowski,  Ber.  J.  deutsch.  chem»  Gesellscb..  Bd.  12;  Baumaan,  Zelt* 
eelir.  f.  pliysiol.  Chem.,  Bd.  7 ;  8chottcQ,  Qfid,,  Bd.  8;  Baas*  ibid.,  Bd.  11. 
"/Wd/fid,  10.8.  131. 

*  S€e  M!i)y*»  Jahresber.,  Bd*  36. 
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of  hipparic  acid  in  flheep.  There  is  hardly  any  doubt  that  the  hippwu 
acid  in  hnman  urine  after  a  mixed  diet,  and  especially  after  a  diet  ol 
Tegetablea  and  fruits,  originates  in  part  from  the  aromatic  substances  form- 
ing benzoic  acid,  namely,  qtiinic  acid. 

The  kidneys  may  be  considered  in  dogs  as  special  organs  for  the 
synthesis  of  hippiiric  acid  (Sciimibdeheeg  and  Binge')*  Iq  other 
iinimiils,  as  in  rabbits,  tbe  formation  of  hfppurlc  acid  seems  to  take  plucem 
other  organs,  such  as  the  liver  and  muscles.  The  synthesis  of  hipparic  acid 
is  therefore  not  eKclusively  limited  to  any  special  organ,  though  perhapain 
some  species  of  animals  it  may  he  more  abundant  in  one  organ  tb&n  ia 
another. 

Properties  and  reactions  of  Hippuric  AcifL  This  acid  crystaUizes  in 
Bemi-triuiBjjareut,  long,  four-sided,  milk-white,  rhombic  prisms  or  colaoins, 
or  in  needles  by  rapid  crystallization.  They  dissolve  in  600  parts  eoW 
water,  but  more  easily  in  hot  water.  They  are  easily  solnble  in  alcohol 
but  with  diflicnlty  in  ether.  They  are  more  easily  soluble  (about  13  times) 
in  acetic  ether  than  in  ethyl  ether.  Petroleum  ether  does  not  diisohe 
them. 

On  heating  hipparic  acid  it  first  melts  at  187*5^  C.  to  an  oily  liqnid 
which  crystallizes  on  cooling.  By  continuing  the  heat  it  decomposes,  pro- 
ducing a  red  mass  and  a  sublimate  of  benzoic  acid,  with  the  genemtioDi 
first,  of  a  peculiar  pleasant  odor  of  hay,  and  then  an  odor  of  hydrocyanic 
acid.  Hippuric  acid  is  easily  ditTerentiated  from  benzoic  acid  by  thii 
behavior,  also  by  its  crystalline  form  and  its  insolubility  in  petrolenm  etber. 
Hippuric  acid  and  benzoic  acid  both  give  Lupke's  reaction,  namely^  ^be? 
generate  an  intense  odor  of  nitrobenzol  when  evaporated  with  nitric  acid  to 
dryness  and  when  the  residue  is  heated  in  a  glass  tube  with  sand.  llippuTi'^ 
acid  forms  crystallizable  salts,  in  most  cases,  with  bases.  The  conibinatiom 
with  alkalies  and  alkaline  earths  are  soluble  in  water  and  alcohol.  The 
silver,  copper,  and  lead  salts  are  soluble  with  difficulty  in  water;  the  iron- 
oxide  salt  is  insoluble. 

Hippuric  acid  is  best  prepared  from  the  fresh  urine  of  a  horse  orcof* 
The  urine  is  boiled  a  few  minutes  with  an  excess  of  milk  of  lime.  Tto 
lii|tiid  is  fdfcered  while  hot,  concentrated  and  tlien  cooled,  and  the  hippnri*^ 
acid  precipitated  by  the  addition  of  an  excess  of  hydrochloric  acid.  Tb^ 
crystals  are  pressed,  dissolved  io  milk  of  lime  by  boiling,"  and  treated  ** 
above;  the  hippuric  acid  is  precipitated  again  from  the  concentrated  fiUraW 
by  hydrochloric  acid.  The  crystals  are  purified  by  recrystallization  »nd 
di}^olorizoi],  wlien  necessary,  by  animal  charcoal, 

Tl'io  (piantitative  estimation  of  hippnric  acid  in  the  nnue  may  be  per- 
formed by  the  following  method  (Bunoe  and  JSchmiedebero"):  The  uriuo 


^  Arch.  f.  exp.  Patb,  u.  Pharm,.  Bd.  G ;  also  Ar,  HoUmiinu^  ibid,,  Bd,  7,  &tid  KocK- 
P|]Uger*s  Arcb.,  B«l.  20. 

*  Arch.  f.  cxp.  Putb.  \i  Pharm.,  Bd,  6. 
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ie  first  made  faintlj  alkaline  with  soda,  eTapomted  nearly  to  dryness,  and 
the  residne  thoroughly  extracted  with  strong  alcohol.  After  the  evapora- 
tiou  of  the  alcohol  dissolve  in  water,  acidify  with  sulphuric  acid,  and 
completely  extract  by  agitating  (at  least  fi^e  times)  with  fresh  portions  of 
acetic  ether.  The  acetic  ether  is  then  rejieatedly  washetl  with  water,  which 
IB  removed  by  means  of  a  aeparatory  funnel,  then  evaporated  at  a  mcdiom 
temperature,  and  the  dry  residue  treated  repeatedly  with  petroleum  ether, 
which  dissolves  the  benzoic  acid,  oxyacids,  fat,  and  pfieuoK  while  the 
hippiiric  acid  remains  undissolved.  This  residue  is  now  dissolved  in  a  little 
warm  water  and  evaporated  at  50^60°  C*  to  crystallization.  The  crystals 
are  collected  on  a  small  weighed  filter.  The  mother-liquor  is  repeatedly 
shaken  with  acetic  ether.  This  hwt  is  removeil  antl  evajiorated ;  the  residue 
is  added  to  the  above  crystals  on  tlie  filter,  dried  and  weighed. 

Fhenaeetario  Acid,  C,«U,,NO.  -  C,H*.CH,X:0.Nli.CH,.CO0H,  Thi«  hcM,  ^vbkh 
\n  pnnlnccdiu  tJiuaiiim>il  hotly  by  agmuin'n^'of  tlieiiheDylaceiicacid.  CJ1*.CH*  COOH. 
formed  by  ibe  putrefuctlon  iif  th^  proteids  with  glycocoil,  hna  been  prupaiecl  fjum 
iiorae's  unae  by  SalkowskiJ  bui  It  piubiibly  alau  occurs  iti  himiao  urine, 

Benioio  Add,  CMLO,  nr  C»H»  COOH.  is  fonnci  m  mbbit's  iiiiijc  nnti  somelime^, 
tlHi>u^h  bi  smaH  aiimuals.  in  tio)B:'s  urine  (Wkyl  and  v,  Anhkf),  Accnrdtug  la  Jaaks- 
TELD  riQi]  STOKvisutid  to  Kkoneckeu  It  tft  aUo  fuund  iu  huuiau  urine  iu  dibcuBes  ot 
the  kiitiieys,  Tlie  o(;ctirreiiLe  of  benzoic  acid  IQ  the  urine  seoms  to  be  due  lo  a  fer- 
iijeutfiiive'decoMipo!4itiofi  of  hi|tpuric  acid.  Such  a  decomposiiiou  may  very  easily 
t>ccur  iu  au  idkalioe  nriuti  or  uue  cootaiuinp  proteid  {Xkh  dk  Velde  anti  Stukviri. 
In  ecrtJifn  aiiim?il«— pi^^s  luid  doffs— Uie  liidrieys,  nccordlug  lo  Scumieokbero  and 
Minkowski/  coniidn  a  spe  inl  enzyme.  Sohmiedbbeho's  hutoBym^  which  splile  the 
iiippuric  uc:id  with  ibe  K*;parailou  of  benzoic  acid. 

Ethereal  Sulphuric  Acids.  In  the  putrefaction  of  proteids  in  the  intes^ 
tine,  pheDolw,  whose  inotlier-siibstatice  ia  considered  to  be  ty rosin,  and 
iiidol  and  skatol  are  j)roduced.  These  phenols  directly,  and  the  two  last- 
named  bodies  after  they  have  been  oxidized  Into  indoxyl  and  skatoxyl, 
pass  into  the  urine  as  ethereal  sulphuric  acids  after  uniting  with  eulphnric 
acid.  The  most  importatit  of  these  ethereal  acids  are  jJienol-  and  cresol- 
sulphuric  acid — which  were  formerly  also  called  phenol-forming  substance 
— indoxyl-  and  skaioj-tjl- sulphuric  acid.  To  this  group  belong  also  the 
pi/rocatechin-sulphunv  acid^  which  ocoura  only  in  very  small  amounts  in 
fauman  nrine,  and  hydrochinon-snlphuric  (tctd^  which  appears  in  the  urine 
after  poisonings  with  phenoh  and  tinder  physiological  conditions  perhaps 
other  etiiereal  acids  occur  which  have  not  been  isolated.  The  ethereal 
ealplmric  acids  of  the  urine  were  discovered  and  specially  studied  by 
Bal'Maxn.'  The  quantity  of  these  acids  in  hninan  urine  is  small,  wliile 
horse's  urine  contains  larger  quantities.  According  to  tlie  determinationa 
of  V.  D.  Velden  the  quantity  of  ethereal  sulphuric  acid  in  human  urine  in 
ibe  M  honrs  varies  between  0.094  and  0.620  grms.     The  relationship  of 


'  ZeitMhr   f,  pliysicd,  Chem.,  Bd.  9. 

•  Weyl  ftOil  V,  Anrcp.  Zeiischr.  f.  physioL  Chem.,  Bd.  4;  JaaraveKl  and  Slokvis, 
Arch.  f.  exp  Path.  u.  Pharm.,  Bd.  10;  Kronecker,  ibid.,  Bd.  16;  Van  der  Velde  a&d 
Stokvis,  iMt,  Bd,  17;  Schmiedeberg.  im,,  Bd.  14,  S.  379;  Minkowski,  ibid,,  Bd,  17, 

»  Pflager'9  Arch..  Bdd.  13  aud  13. 
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tbe  flQlphate-snlphnric  acid  A  to  the  conjogated  snlplinric  acid  B  in  health 
is  on  an  average  as  10  :  1.  It  undergoes  such  great  variatioUj  as  fonnd  by 
Baumanx  and  Uerter^  and  after  them  by  many  other  investigators,  that 
it  is  hardly  possible  to  consider  the  average  figures  as  normal.  After  taking 
phenol  and  certain  other  aromatic  substances,  as  well  as  when  pofcre faction 
within  the  organism  is  general ,  the  elimination  of  ethereal  snlptmric  acid  ia 
greatly  increased.  On  the  contrary  it  is  diminished  when  the  putrefaction 
in  the  intestine  is  reduced  or  prevented.  For  this  reasou  it  may  be  greatly 
diminislied  by  carbohydrates  and  exclnaive  milk  diet.'  The  intestinal 
putrefaction  and  the  elimination  of  ethereal  sulphuric  acid  has  also  been 
diminished  in  certain  cases  by  certain  therapeotic  agents  which  have  an 
antiseptic  action;  still  the  statements  are  not  unanimons.' 

Great  importance  has  been  given  to  the  relationship  between  the  total 
Bolpburic  acid  and  tbe  conjugated  finlpburic  acid,  or  between  the  conjugated 
sulphuric  acid  and  the  snlphate-sulphnric  acid,  in  tbe  study  of  the  intensity 
of  the  putrefaction  in  the  intestine  uuder  different  conditions.  Several 
investigators,  F.  MCllee,  Salkowski,  and  v.  Noordek/  consider  cor- 
rectly that  tills  relationship  is  only  of  secondary  value,  and  that  it  is  more 
correct  to  consider  the  absolute  value.  It  must  be  remarked  that  the  abso* 
lute  values  for  the  conjugated  eulphnric  acid  also  undergo  great  variation, 
HO  that  it  is  at  present  impossible  to  give  the  upper  or  lower  limit  for  the 
normal  value. 

Phenol-  and  p-Cresol-salphnric  Acid,  O.II..(;).80,J>H  and  CJl,.O.iSO,. 
OIL  Tbcee  acids  are  found  aa  alkali  salts  in  human  urine,  in  which  also 
orthocresol  has  been  detected.  The  quantity  of  cresol -sulphuric  acid  id 
considerably  greater  than  phenol-sulpbnric  acid.  In  the  quantitative  esti- 
mation the  phenols  set  free  from  the  two  ethereal  acids  are  determined 
together  as  tnbromphenol.  The  quantity  of  phenols  which  are  separated 
from  the  ethereal-sulphuric  acids  of  the  urine  amounts  to  17-51  milli- 
grammes in  the  24  hours  (Mtnk).  The  methods  for  tbe  quantitative  esti- 
mation used  heretofore  give,  according  to  KrMPF,  as  well  as  Kossler  and 
pEKNv/  such  inaccurate  results  that  new^  determinations  are  very  desirable. 
After  a  vegetable  diet  the  quantity  of  these  ethereal-sulpharic  acids  ia 


»  V.  iL  Vfldec,  VirchowB  Arcli,,  Bd.  70;  Herler,  Zeitschr,  f.  pbysioL  Cliem.,  Bd.  1. 

•See  nirschler,  Zpitscbt.  f.  pUysiol.  Chem..  Bd.  10  .  Biernacki,  Deulsch.  Arcb.  f. 
ttlla  3feil,  Bd,  40  .  Rovigbi,  Zeitscbr.  t  physio).  Chem.,  Bd.  16  ;  WlDternltz,  ibid.,  and 
cbitiUz.  ihtd  ,  Bdd.  17  and  11>. 

»See  nnimuiot)  tiud  MoniJt,  Zeftschr.  f.  pbysiol.  Cbem.,  Bd.  10;  SteilT,  Zeitschr.  f. 
kltn.  Med  ,  Bd.  IC;  Rcivigbi,  \.  c.\  Stern.  Zeilscbr.  f.  Hygiene,  Bd.  12;  and  BartoMche- 
wllacb,  Zi'itHchi,  f.  pbyaiol.  Cbem*,  Bd.  17  ;   Mos*e,  tWa..  Bd.  23, 

•MUller.  Zclucbr.  f.  klin.  Med.,  Bd,  12;  v,  Noorden.  ibid.,  Bd.  17;  Salkowskt 

Iticbr.  f.  pbyfiJoK  Chtm.»  Bd   12. 

"*  Mimk/ Ptlll^r's  Arcb.,  Bd,  12;  Hampf,  Zeltschr,  f,  phyilol.  Gbem..  Bd.  16; 
ilcr  aod  Penny,  ibid,,  Bd*  17* 
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greater  than  after  a  mixed  diet.  After  taking  carbolic  acid,  which  is  in 
^reat  part  converted  by  Byntheaia  within  the  organism  into  phenol-ethereal- 
eulphnric  acid,  besides  also  pyrocatechin-  and  hydrochinon-sulphiiric  acid/ 
and  also  when  the  amount  of  sulphoric  acid  is  not  siitticient  to  combine 
with  the  phenol,  forming  phenyl-glycaronic  acid/  the  qnantity  of  phenols 
and  ethereal-sQlpbnric  acids  in  the  urine  is  considerably  increased  at  the 
expense  of  the  enlpbate-snlphuric  acid. 

An  increased  elimination  of  phenol-sulphnric  acids  occurs  in  active 
putrefaction  in  the  intestine  with  stoppage  of  the  contents  of  the  intestine, 
as  in  ileas,  diffused  peritonitis  with  atony  of  the  intestine,  or  tuberculous 
enteritis^  but  not  in  simple  obstruction.  The  elimination  is  also  increased 
by  the  absorption  of  the  products  ol  putrefaction  from  purulent  wounds  or 
abscesses.  An  increase*!  elimination  of  phenol  has  been  observed  in  a  few 
other  cases  of  diseased  conditions  of  the  body.' 

»The  alkali  salts  of  phenol-  and  cresol-Bolphnric  acids  crystallize  in  white 
plates,  similar  to  mother-of-pearl^  whicli  are  rather  freely  soluble  in  water. 
They  are  soluble  in  boiling  alcohol,  but  only  slightly  soluble  in  cold.  On 
boiling  with  dilute  miueral  acids  they  are  decomposed  into  snlphuric  acid 
And  the  corresponding  phenoL 

I  Phenobsulphuric  acids  have  been  fiynthetically  prepared  by  Baumanx 
from  potassium  pyrosulphate  and  phenol*  or  p-cresol-potassimn.  For  the 
method  of  their  preparation  from  urine,  which  \%  rather  complicated,  the 
reafier  is  referred  to  other  text-hooks.  The  quautitatire  estimation  of  these 
'ethereal-sulplituio  acids  is  done  by  determiiiiiii,^  tlio  amonnt  of  phenol  which 
may  be  separated  from  tlie  arine  as  tribromplicnol.  In  this  determi nation > 
nrhen  the  urine  is  not  specially  rich  in  phenol,  about  one  fourth  of  the 
total  qnantity  for  a  day  is  used;  it  is  acidified  with  concentrated  hydro- 
chloric  acid — 5  c.c.  for  every  100  c,c,  of  nrine^and  distilled  until  a 
portion  of  the  distillate  does  not  give  the  slightest  reaction  for  phenols  witli 
Millon's  reagent  or  with  bromine- water.  The  distillate  is  now  carefully 
neutralized  with  soda  solution  (which  combines  with  the  benzoic  acid,  etc) 
and  again  distilled  until  a  portion  of  the  distillate  is  free  from  phenol,  as 
shown  by  the  above-mentioned  reagents.  This  distillate  is  treated  with 
bromine-water  until  a  permanent  yellow  color  is  produced,  and  then  allowed 
to  stand  for  about  2-i  hours  in  the  cold;  the  crystalline  precipitate  is  then 
collected  on  a  small  weighed  filter,  washed  with  dilute  bromine- water^  dried 
over  sulphuric  acid  witliout  the  use  of  a  vacuum,  and  weighed  (100  parts 
tribromphenol  correspond  to  2S.4  parts  phenol).  It  is  assumed  that  the 
paracresol  is  first  converted  by  .  the  bromine- water  into  tribromcresol 
bromine,  and  that  this  is  then  gradually  changed  into  tribromphenol  with 
the  discharge  of  carbon  dioxide.     As  shown  by  RuifPF  this  is  not  the  case, 


*  BeeBaumaDD,  PflQger's  Arcb.*  Bdfh  12  and  13,  aad  Baumanu  aod  Preiissc,  Zeit- 
•chr.  f,  pbyiiol.  CUein.,  Btl.  3,  S.  im. 

*  Schniiedeberj^^  Arcb,  f.  exp,  Patli.  u,  Pbarm.,  Bd,  14. 

*  i5eti  G.  Hoppe  Seyler.  Zdtscbr.  f.  pLiyiiol,  Cbem.,  Bd.  13.     Tliis  contains  also  all 
refeiencea  to  tbe  lileralure  on  tbis  subject.    Fedell,  Moleachoti'a  UittcraucU*,  Bd.  15. 
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but  dibromcresol  is  chiefly  formed  instead.  This  method  is  therefore  not 
available  for  this  and  otlier  reaBons.  Among  the  other  methods  which  h&ie 
been  snggested,  the  following  seems  to  be  the  most  available. 

KossLER  and  Penny\s  MeihoiL  This  metliod  is  a  modification  of 
Messixgeh  and  Vohtmann's  '  volnmetric  process  for  estimating  plieuok 
The  principle  of  this  process  is  as  follows:  The  liqnid  containing  phenol ii 

treated  with  —  caustic  aoda  nntil  strongly  alkaline,  warmed  on  the  water- 

btttli  in  a  llask  with  a  glass  stopper,  and  then  treated  with  an  excess  of 

—  iodine  solutioii,  the  qnantity  being  exactly  measored.     Sodinm  iodidoiv 

first  formed  and  then  sodium  hypoiodite,  which  latter  forms  tri-iodophenol 
with  the  phenol  according  to  the  following  equation: 

C.n^OII  +  3NaI0  ^  C.nj..OII  +  3NaOH. 

On  cooling  acidify  with  sulphuric  acid,  and  determine  by  titration  with 

—r  sodinm  thiosnlphate  solotion  the  excess  of  iodine  not  naed.    This  prooMi 

18  also  available  for  the  estimation  of  paracreaol.  Each  c.c.  of  the  iodine 
eolation  used  is  equivalent  to  L5670  grms,  phenol  or  1,8018  grms.  creeol. 
As  the  determination  does  not  give  any  idea  as  to  the  variable  proportion* 
of  the  two  phenols,  the  quantity  of  iodine  used  mast  be  calcolated  u  oao 
or  the  other  of  the  two  phenols.  Salkowski  and  Neubero  *  have  shown 
that  KossLKH  and  Pekxy's  method  gi^es  too  high  resnlts  for  the  pbenoU 
in  the  presence  of  glucose  because  jiroducts  are  formed  from  the  ourbo- 
hydrate  on  distillation  which  combine  with  the  iodine*  The  metliofj  nni«^ 
in  these  ca&ed  be  motlified  aa  NECBEiiCt  snggests.  In  regard  to  grwter 
details,  and  especially  to  precautions,  we  mttet  refer  tbe  reader  to  the 
origin^d  article  of  KossLERand  Penny  and  to  lIupPBRT-XKrHArER.' 

Tire  methods  for  the  separate  determination  of  the  conjugated  snlpbnric 
acid  and  the  sulphnte-sulphuric  acid  will  be  spoken  of  later  in  connectioB 
with  the  determi nation  of  the  aolphuric  acid  of  tbe  urine. 

PyTooAtMhin  iulphuric  Acid  (and  Pyrocatecuin).  'Fliis  acid  was  first  fontitl  in 
horse's  urine  in  rather  large  i|iiaDlities  by  Baumakn.  Il  octiira  iu  Uumaii  uriuotwilyio 
the  very  hniallest  qniiuLities,  iiotl  pi-rhjips  not  coustunTly,  hiu  it  occurs  almtjdiiB'ly '^ 
the  \\t\\\g  afTer  Taking  phenol,  pyrocatecblm  nr  prnioi  j»h  chuic  ncid, 

Willi,  no  exi'iusively  lULvit  dit?t  ibis  acid  (loen  not  ocour  io  iht.'  urint.\  and  !l  lUercft>ri 
must  originate  from  vegetable  food.     It   prolmljly  ori^" nates  from   tbe  proiocaiecbuW 
acid,  winch,  acrordiug  tti  Preitsse*  passes  iu   part  into  the  uriae  as  pyrocati-cbio*^ 
pbiidc  acid.     This  acid  mi\y  uls*)  perbnpa  depend  OD  oxldfttion  of  pbtnol  witlilP  ^^ 
orgatitKm  (Baitmann  und  PitEU&H.E*).  . 

PjToeatechln.  or  o4>toxYBFNzOL,  CflHi(OH)i,  was  first  ob>^ervcd  in  il>e  urine      ,y 
child  (Edstein  and    J.    Mi'iJ.KK),      Tbe   reducing   body   ai.cai*tox,    first    fouad  ;Jj 
BODERER  •'  iu  liumau  urine  at»d  which  was  cfinsidert  d  for  a  lonjtr  lime  an  ideiitkal  "^ 
pyrocarecbin.  Is  in  nmst  cases  prnl)a!>ly  homoginiiMic  arid  or  urolertcie  aeid  (see  belo^' 


f  Kossler  and  Penny,  1.  c;  Vortttiftui],  Ben  d,  deutscb.  cbetn.  Ge«eUscb.^  Bd.  2^ 

*  Zeilschr.  f.  pbysiol.  Cbem.,  Bd.  27. 

*  Hani-AuftlyBe,  10.  Aiifl. 

*  Baumann  and  Herter,  Zeltsr^hr.   f.   pbyfliol.  Chem.,  Bd,  1  ;  Pnusae^  ihid.t  Bd*^^ 
Bet  I  man  a,  ibid.t  Bd.  3. 

*  Ebslein  and  Mmier,  Vircbow's  Arch.,  Bd.  62 ;  Bddeker.  Zcilacbr,  f.  nU  Med.  fft] 
Bd.  7. 
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Pyrocntechiti  crystalHzea  in  prUmB  which  are  soluble  iti  ft1coho1»  ether,  and  water. 
It  melts  nt  lu2-104°  C.  nnd  nublimea  In  BbiDing  platen.  The  WKtery  solution  becomea 
Krectt.  blown,  nnd  ultimatdy  bkck  ia  the  presence  of  alkali  and  the  oxygen  uf  ihr  nir 
If  vvry  tliliitc  feirie  chloride  ia  treated  with  tartaric  acitl  and  Ibto  made  alkaline  wiih 
ammo  (in.  and  this  added  to  a  watery  solutioti  of  pyroi-utei-biru  we  obiuirt  a  vinlct  or 
clierry-vtid  liquiil  wliich  becomes  green  ou  satiiraiiu^  witb  acetic  aeiil.  Pyr<u"at«  chiti  ia 
precipitated  by  lead  aeetatti.  It  reduces  au  ammoiilacal  silver  solution  nt  the  ordinary 
teiiiperaiure,  and  reduces  alkaline  eop[>er  oxide  solutions  with  heat,  but  does  not  reduc^ 
bismuib  ojcide. 

A  uriue  coutaioing  pFTocatechin  if  exposed  la  the  air,  especially  wbeu  alkaline, 
quickly  heoonies  dark  aud  reduces  alkaline  copper  soIuIIods  when  benled,  Iti  detecting 
pyrocatecbiJi  in  the  urinw  it  is  <:oneeutrated  when  necessary,  filtered,  boiled  with  the 
addition  of  sulphuric  acid  to  remoTC  the  plienolw,  and  npeuieslly  shaken  aftei  couliug 
with  ether.  The  uther  is  distil letl  from  the  several  ethereal  extracts,  (he  residue  in?ti- 
irallztni  witb  burin ni  ciirbooate  and  shaken  again  wiih  ether.  The  pyrt>cuicchiD  which 
remain'^  after  evaporating  the  ether  may  l>e  puritied  by  recrystallizaiion  from  l)enxoL 

Hydroohiaon,  or  f-Dioxybenzoj.,  CII^^OHi,  ,  ufron  oecijrs  in  the  urine  iifter  the  use 
of  pbeni>l  (Baumakn  a  ad  PHKttgsE).  The  dark  eolor  which  certain  urines,  so-called 
**  carliolic  urines/'  take  in  the  air  is  due  to  decomposition  products.  Hydrochinon  doea 
Tjot  occur  as  n  normal  cousliluent  of  urine,  but  after  the  administration  of  hydrocbtnon  ; 
acconliiig  to  Lewin  '  it  piiMse?*  into  the  tiHne  of  rabbits  as  eihtrenl-sulphuHc  acid,  being 
a  dec4»itiposilii)n  proilnct  of  arbuiin. 

Hydrochintju  forms  rhombic  crystals  which  are  readily  soluble  in  water,  alcohol, 
and  ether.  Ii  mell3  nt  IBS)*  C.  Like  pyrocutecbiu.  il  easily  reduces  metallic  oxides. 
It  act^  like  pyrocatechin  with  alkalies,  but  is  not  precipitated  with  lead  acetate.  It  is 
oxidized  into  cbinou  by  ferric  chloride  and  other  oxidizing  ageats,  and  chiuon  ia 
detected  by  its  peculiar  odor.  Hyvlrfichiuou-sulpburlc  acid  is  detected  in  the  urine  l>y 
the  siirae  methods  as  pyrocalechin -sulphuric:  acid. 

Indoxyl-sElphuric  acid,  C.II^NSO^  or  C,!I,N.O.SO,.OH,  also  called 
URINE  iXLUCAX,  formerly  Called  UKOXANxniN  (Heller),  occars  aa  alkali- 
salt  in  the  urine*  Thia  acid  ia  the  tnothor-aubstance  of  a  great  part  of  the 
indigo  of  the  uritie.  The  quantity  of  indigo  which  can  be  separated  from 
the  urine  ia  considered  as  a  meaanre  of  the  quantity  of  indoxyl-anlphuric 
acid  (aud  indoxvl-glycuroDic  acid)  contained  in  the  urine*  This  amount, 
according  to  Jaffe,*  for  man  is  5-20  miUigrammea  per  24  hours.  Horae'a 
urine  contaiua  about  2r5  times  aa  much  indigo-forming  substance  as  human 
urine. 

Indoxyl'Sulphuric  acid  is  derived,  as  above  mentioneii  ([lage  443),  from 
indol,  which  is  tirat  oxidized  in  the  body  into  indoxyl  and  ia  then  coupled 
with  aulphnric  acid.  After  subcntaueous  injectioti  of  indol  the  elimination 
of  indicau  is  considerably  increasei  (J affe,  i^ArMANX  and  Biueoer).  It 
IS  also  increased  by  the  introduction  of  orthonitrophenylpropiolic  acid  in 
the  organism  of  animals  (G.  Hoppe-Seyler').  Indol  is  formed  by  the 
putrefaction  of  proteide,  and  it  ia  therefore  easy  to  understand  why  the 
quantity  of  indoxyl-sulphuric  acid  ia  greater  with  a  meat  than  with  a 
Yegetabl©  diet.  The  putrefaction  of  seeretioaa  rich  in  proteid  in  the  intes- 
tine explains  also  the  occurrence  of  indicau  in  the  urine  duritjg  starvation. 
Oelatin,  on  the  contrary,  doea  not  increaae  the  elimination  of  indican.     An 


'  Virchow's  Arch.,  Bd.  92. 
•  PfiUger\s  Arch..  Bd.  S. 

>  Jatle,  Centralbl.  f.  d,  meil.  Wt&sensch.,  1672;  Haumann  aud  Briegcr,  ZeitBchr.  f» 
pbyBiol.  Cbem.,  Bd.  3 ;  Q.  Hoppe«SeyJer,  ibui.^  B^id.  7  and  8. 
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id  iodietti  ooomi  in  mA  ^mmm  m 
dbrtni«^  the  waudl  iaiottiie^  cMniiig  ma  iiik  umiiI  pcttn&etioii,  Ulu  pro- 
dicing  fta  rifBwtant  Connatioii  of  iadoL  Sock  wm  inciniirf  dfiniiMlinn  of 
indiesa  oeetm  eo  tying  tbe  flull  intalsike  of  •  dog,  but  not  the  luge 
intoitiiio  (JAFri '). 

An  incnaoed  oftnrtmition  of  mdic&Q  mmj  w1m>  bo  caised  bj  llio  potnlne- 
lioA  of  ptUmdM  in  otiier  ofgnt  nnd  timam  of  the  bod j  bendot  tbo  i 
An  tnenoied  dtmmntioQ  of  htdiam  his  boon  oboertod  in  tnna j 
nod  in  ihow  coiet  the  qanndtj  of  phoocl  olhniDalod  is  gonofnDf  n 
A  ttrino  rieh  In  phenol  u  not  mlwnji  nch  in  indksn. 

The  potownm  alt  oi  iodojnrl-oalpbnric  ncid,  whieli  ww  prepared  pon 
hf  BACMAars  nnd  Buboeb  from  tbe  niine  of  n  dog  fed  on  indol,  ban  sineo 
boon  pfopnrad  wyntheticMRj  hj  Baumass  and  Thessx«'  wbo  fini  piopaiod 
indoijrlalkali  bj  fusing  pbenjIgljelQ-ortbocarbonlc  add  with  alkali  and 
then  from  ifaia  proditeod  the  indoxjUnlphate  with  potaaanra  pjrosnlpliatet. 
It  cfTitallixai  in  oolorioM,  ihmiDg  plates  orieaTot  which  are  oanlj  aolnbie  in 
water,  bot  leei  readilj  in  aJcohoL  It  ii  split  by  mineral  acids  into  sulpbiuic 
acid  and  jodoxTi.  Tbe  latter  wilhont  aoeeoi  of  air  paoMa  into  a  red  com* 
poctnd,  indoxjl-red,  but  in  the  preecoeo  of  oxidizing  resgonts  is  oooTerted 
into  indigo-Woe:  2C,H>'0  +  20  ^  C„H^X,0.  +  2H,0.  The  detection 
of  tndlcan  is  based  on  this  last  fact 

For  tbe  rather  com  plicated  preparation  of  indoxjl-fnlpbnrie  acid  as 
potassiam  salt  from  urine  the  reader  is  referred  to  other  text- books.  For 
the  detection  of  indicati  in  nrioe  in  ordinary  cases  the  following  method  of 
J  affe^*  which  also  serres  as  an  approximate  test  for  the  qoantity  of  indican, 
la  aoffident. 

jAFFi^s  indican  Ted,  20  cc  of  nrine  is  treated  in  a  test-tobe  with 
Z-Z  c,c.  chloroform  and  mixed  with  an  equal  volume  of  coacentrated 
hjdrocbloric  acid«  Immediatelj  after  a  concentrated  cbloride-of-lime  soln- 
tion  or  a  \i  potassinm-permaoganate  solntion  is  added  drop  bj  drop,  and 
after  each  drop  the  roixtnre  is  thoroughly  shaken.  The  chloroform  is 
gradnally  colored  faintly  or  strongly  blae.  An  excess  of  oxidizing  reagent, 
especially  chloride  of  lime,  interferes  with  tbe  reaction  and  most  therefore 
be  aroided.  The  test  is  repeated  with  somewhat  rarying  amoaots  of 
oxidizing  material  nntil  a  point  is  foand  at  which  the  maximom  coloration 
of  the  chloroform  takes  place.  From  the  intensity  of  the  color  the  qoantity 
of  indrgo  is  determined. 

Still  better,  especially  for  the  qoantitatire  estimation  of  the  quantity  of 


»  Vircbow't  Arch,,  Bd.  70. 

*  See  Jaffe.  PtlQger'i  Arcli.,  Bd.  3  ;  SeoAtor,  CeDtntlbl.  f.  d.  mcd.  WiiKtisch.,  1677  ; 
O.  Uoppe-Seyler.  Zcll#chr.  f.  phjiioL  Cbem.,  Bd.  12  (contains  older  lil^rftture) ;  also 
Borl   kiln,  Wochenschr,  1802. 

*  Bauman»  v«  lib  Brieger,  Zeitschr.  f,  pbytioL  Chem.,  Bd.  8 ;  witb  Tbeaeo,  iMtL^ 
Bd.  23. 

^  Jaffe,  FflQger'i  ilrcb..  Bd.  8w 
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iDcligo,  is  Obermeyer's*  method.  He  uses  fniniag  hydrochloric  acid 
containing  2-4  parts  ferric  chloride  per  litre  to  decompose  the  indican. 
The  nrine  is  first  precipitated  with  not  too  ranch  lead  acetate  (abont 
■J  volume  of  a  '^*0,^  lead-ticetate  fiolotion),  and  the  liltriate  shaken  for  1-2 
minutes  with  an  equal  volume  of  the  above  hydrochloric  acid.  The  indigo- 
blue  is  taken  np  by  chloroform  in  thia  case  also. 

According  to  Rosin'  some  indigo-red  \a  always  formed  besides  the 
indigo-blue  in  Jaffe's  indican  test.  Greater  qoantities  of  indigo-red  are 
formed  when  the  decomposition  of  the  indican  takes  place  in  the  warmth 
(see  Rosenbach's  urine  teat). 

The  chloroform  solution  of  indigo  obtained  in  the  indican  test  may  be 
nsed  in  the  quantitative  colori metric  deterniination  by  comparison  with  a 
solution  of  indigo  in  chloroform  of  known  strength  (Kraijss  and  Adrian). 
Wang'  converts  the  indigo  into  indigo-sulphonic  acid  by  concentrated 
sulphuric  acid  and  titrates  with  potiissiium  permanganate.  Obermeyer  * 
has  suggested  a  similar  method  for  estimating  the  indican  independent  of 
WANPf.  It  differs  from  Wang's  method  by  removing,  before  titration, 
other  pigments  taken  np  by  the  chloroform  by  washing  with  45^  alcohol/ 
In  u  later  paper'  Wang  recommends  the  same  treatment,  namely,  washing 
with  alcohol-ether. 

Indol  seems  also  to  pass  into  the  urine  as  a  glycnronic  acid,  indoxyl' 
ghjcuronic  acid  (Schmiedehekg).  Such  an  acid  has  been  found  in  the 
urine  of  animals  after  the  administration  of  the  Bodinm-salt  of  o-nitro- 
phenylpropiolic  acid  (G,  IIoppe-Seyler^). 

SkatoxyUulphuric  Acid,  CJI.NSO,  or  C,H,.N.O.SO,,OH.  The  potas- 
sium salt  of  this  acid  seems  to  occur  generally  in  human  nrine  as  a 
chromogen,  which  yields  a  red  or  violet  coloring  matter  on  decomposing  with 
strong  acids,  and  an  oxidizing  reagent.  This  salt  has  been  prepared  by 
Otto  '  from  diabetic  human  urine.  Little  is  known  of  the  quantity  of  this 
fikatol-chromogen,  to  which  probably  also  the  skatoiyl-glycuronic  acid  mnst 
be  counted,  under  pi jy Biological  and  pathological  conditions. 

Skatoxyl-sulphnric  acid  originates  from  skatol  formed  by  putrefaction 
in  the  intestine,  which  is  coupled  with  sulphuric  acid  after  oxidation  into 
skatoxyl.  Tliat  skatol  introduced  into  the  body  passes  partly  as  an  ethereal* 
sulphuric  acid  into  the  nrine  has  been  shown  by  Brieger.  Indol  and 
skatol  act  differently,  at  least  in  dogs;   indol   producing   a  considerable 


*  Obermayer,  Wien,  klin.  Wochenschr..  1890. 
'  VircboH%'"8  Arch..  Bd.  123. 

»Kraus«,  Zeltscbr  f.  pkysiol  Cbem.,  Bd.  IB;  Adrinu.  iftirf,.  Ikl.  19;  Wong,  i&wr.. 
Bd,  25. 

*  Wieo.  klia.  Ruadachau,  1898. 

»  8ee  Zeitscbr.  f.  physiol.  Chem.,  Bd.  26, 

*  Ibid.^  Bd.  27. 

^  Schmiedeberg.  Arch  f.  exp*  Path*  u.  Pharm.,  Bd.  14;  G*  HoppcScyler,  Zeilscbr. 
f.  pbyslol.  Cbcm..  Bdd*  7  and  8.  * 

•Pflttger's  Arcb.,  Bd.  SB. 
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amoant  of  ethereal -sulphuric  acid,  while  skatol  gives  only  a  smidl  quantity 
(M ESTER*).  Skatol  eeems  partly  to  paas  into  the  nrine  as  a  ikatoxyl- 
glycuronic  add. 

The  potassium-aalt  of  skatoijl-sulphnric  acid  is  crystalline j  it  dissolves 
in  water,  bnt  with  difficulty  in  alcohoL  A  watery  eolation  becomes  deep 
violet  with  ferric  chloride,  and  red  with  concentrated  nitric  acid.  The  salt 
is  decomposed  by  concentrated  hydrocliloric  acid  with  the  separation  of  a 
red  precipitate*  The  nature  of  this  red  coloring  matter  produced  by  the 
decomposition  of  skatoxyl-sulphnric  acid  ia  not  well  known;  neither  is  the 
relationship  existing  between  this  and  other  red  coloring  matters  in  the 
nrine  known.  On  distillation  with  zinc-dnet  the  skatol-chromogen  yields 
skatol. 

Urines  containing  skatoxyl  are  colored  dark  red  to  violet  by  Jaffe's 
indican  test  even  on  the  addition  of  hydrochloric  acid ;  with  nitric  acid  they 
are  colored  cherry-red,  and  red  on  warming  with  ferric  chloride  and  hydro- 
chloric acid*  The  coloring  matter  which  yields  skatol  with  zinc-dnst  may 
be  removed  from  the  urine  by  ether.  Urines  rich  in  skatoxyl  darken  when 
allowed  to  stand  in  the  air  from  tbe  surface  downward,  and  may  become 
reddish,  violet,  or  nearly  black.  Kosix'  is  of  the  opinion  that  no  skatol- 
chromogen  exists  in  human  urine,  and  that  the  observations  made  heretofore 
were  doe  to  a  confusion  witli  indigo-red  or  urorosein. 

8AJ,KOW8Kt*  liaa  allow n  that  Ibe  occurreoc€  f>f  Kkfjlol-eitrbo^tnc  acid,  C»Hi.N.COOH, 
in  uormal  urine  is  probable*  Tliis  is  also  a  ptiircfticUon  product.  When  introducttl 
jDto  tbe  aoiiiial  body  Ibis  acU!  reiippeais  uncbaiiged  in  Uit- udois  Witb  byilrocbloric 
acid  and  very  dilute  femc-cbloride  solntloii  it  gives  ivn  iniense  violfit  toior  U*  tbe  solii- 
tiop.  Tlie  reaction  reaponda  with  a  watery  Molutiou  conmining  1  :  10000  of  Bkatol  car- 
bonic acid. 

Aromatic  Oxyaeids.  In  the  potrefaction  of  proteide  in  the  iutefitine^ 
paraoxyphenyl-acetic  acidy  C^H^(OII).CIJ,COOH,  and  paraoxy phenyl- pro- 
pionic acid,  C.II^(OII)X\II^,0O0II,  are  formed  from  ty rosin  as  inter- 
mediate etep,  and  these  in  great  part  pass  unchanged  into  the  urine.  They 
were  first  detected  by  Baumann.*  The  quantity  of  these  acids  is  usually 
very  small.  They  are  increased  by  the  same  circumstaucea  as  the  phenols, 
especially  in  acute  phoBphornB-poiBoning,  in  which  tbe  increase  is  consider- 
able.    A  small  portion  of  these  oxy acids  is  combined  with  sulphuric  acid. 

Besides  these  two  oxyacids  which  regularly  occur  in  hnnian  urine  we 
sometimeB  have  other  oxyacids  in  urines.  To  these  belong  homoyentisic 
acid  and  urohucic  acidy  which  form  the  specific  conatituenta  of  the  urine 


^  Brieger^  Ber.  d.  deutsch.  chem.  GesolUch.p  Bd.  \%,  aad  ZellKhr.  f.  phyilob  Chern., 
Bd.  4,  a  AH  :  Mcater,  ibid,,  Bd.  12. 

•  Virchow'i  Arch.,  Bd.  128. 

»  Zdtftcbr.  f.  physlol.  Cliem.,  Bd.  9. 

*  Bcr.  d.  deulsch,  chem,  GeaelJsch.,  Bdd.  IS  and  13,  and  Zettachr,  t  phyiloL  Chem,, 
Bd.4. 
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in  most  cases  of  alcaptonnria,  oxymandeJic  acid^  found  by  Schultzek  and 
KtESS  in  urine  in  ticate  atrophy  of  the  liver,  oxyhydroparacumaric  acid^ 
fonnd  by  Bleni>eumaxn  in  the  urine  on  feeding  rabbits  with  tyrosin,  gallic 
acid^  which,  according  to  Baumakn,*  aometimes  appears  in  horse's  urine, 
and  kynurenieacid  (oxychinolincarbonic  acid),  which  up  to  the  present  time 
has  been  fonnd  only  in  dog's  nrine.  The  first  two  of  tlie  above-mentioned 
oxyacids,  and  also  honiogeotisic  and  urolencic  acids,  will  be  treated  of  here. 
Paraoxyphenylacetic  acid  and  p-oxyphenylpropionic  acid  are  crystalline 
and  are  both  soluble  in  water  and  iu  ether.  The  tirat  melts  at  l^S"*  C,  and 
the  other  at  125°  C,  Both  give  a  beautiful  red  coloration  on  being  warmed 
with  Millon's  reagent. 

To  deU'Ci  the  presence  of  tbese  oxyaculs  proceed  in  the  foMowitig  way  (BArMANN): 
Wftrni  the  nrine  for  a  wktle  oti  the  wnler-baih  wUh  hjdroehlorlc  acid,  in  order  to  drive 
off  llie  vol»dile  phenols.  Aftt^r  cooling  shake  three  times  with  ether,  and  then  abuke  the 
ethereal  extractH  with  dilutt^  *»oda  soluiioii.  which  tlissolvci^  Ihe  oxyackJs.  while  the  resi- 
due of  the  phenols  solnbk  in  ether  remains.  The  alkaline  solntton  of  the  oxyncids  is 
now  faiatly  acidified  with  snIpLinric  acid,  shaken  ngniu  with  ether,  ihe  eiher  removed 
and  alluwtd  to  evnporate,  the  residue  dissolved  in  a  ItUle  vvater.  and  Ihe  solution  tested 
with  Miixon's  rcAffeirt,  The  two  «ixyacids  are  best  diiferentiated  hy  Iheir  different 
ineUinjj-puluts.  The  reader  ia  referred  to  other  worka  for  the  method  of  isdlntiug  and 
separating  these  two  oxy acids* 

Homogentisic  acid,  CJI.O;  or  C,n,(OII),.CH,,C(*OlL  This  acid  was 
detected  by  Woukow  and  Baumakn.  They  isolated  it  from  the  nrine  in 
a  case  of  alcaptonnria  (see  below)  and  sliowed  that  the  characteristics  of 
so-called  alcaptonuric  urine  in  this  case  were  due  to  this  acid.  This  acid 
has  later  been  found  in  other  caaea  of  alcaptonnria  by  Fmuden,  Gauxier' 
and  VoiRiK,  Oodek,  and  others.  Glt/cosurtc  acid^  isolated  from  alcapton- 
uric  urine  bj  Marshall  and  recently  by  Gevgek,'  seems  to  be  identical 
with  homogentisic  acid.  Tyrosin  is  considered  as  the  mother^substance  of 
tliid  acid*  On  the  introdoction  of  tyrosin  in  persons  with  alcaptotuiria» 
WoLKOW  and  Batmann  and  Emhi^en"  observed  a  greater  or  leas  increase  ia- 
the  quantity  of  homogentisic  acid  in  the  urine.  According  to  Wolkow 
and  Batmaxk  this  acid  is  formed  from  the  tyrosin  by  abnormal  putrefac- 
tive processes  in  the  upper  part  of  tlie  intestine. 

HomogentiBic  acid  is  the  dioxyphenyl -acetic  acid  derived  from  hydro* 
cbinon.  On  fusion  with  potash  it  yields  gentisic  acid  (hydrochinon> 
carbonic  acid)  and  hydrochinon.  When  introduced  into  the  intestinal  tract 
of  dogs  it  is  in  part  comxrted  into  tolu-bydrochinon,  which  is  eliminated 
in  the  form  of  ethereal-sulphuric  acid.     Homogentisic  acid  has  reoenUy 


*  Schultzen  aud  Riess.  Chem.  Centralbl,  18^;  Bleadenxuin.  Zetlscbr.  f.  physfoL 
Cheni..  Bd.  6,  H,  Ml ;  Baiimaoii,  ibid.,  Bd.  6.  S.  19a 

*  Wolkow  and  Baumann.  Zeitschr.  T  phvHlol.  Chem.,  Bd.  15;  Embden*  ilnd.,  Bdd. 
17  and  18;  Garnicr  and  Yoirin,  Arch,  de  Physiol  (5),  Tome  4;  OgdeUt  Zeilschr.  f. 
pbystol.  Chem,,  Bd.  20;  Marshall,  Maly's  Jabresber.^  Bd.  17;  Geyger,  cited  from  £inb- 
den,  ).  c. 
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been   prepivreil  synthetically  by  Baumann  and  Frankel^'  starting  witli 
gentisic  aldehyde. 

TIamogentisic  acid  cryetallizeB  with  1  niol.  water  in  large,  transpftrent 
prismatic  crystals,  which  become  non- transparent  at  the  tem[ieratureof  the  J 
room  with  the  loss  of  water  of  crystallization.  They  melt  at  146.5-14T*C,H 
They  are  sohible  in  water,  alcohol,  and  ether,  but  nearly  insoluble  in  clilorn-  ' 
form  and  benzoL  HomogentlBic  acid  is  optically  inactive  and  non-ferment- 
able. Its  watery  solution  has  the  properties  of  so-called  alcaptonnric  urioe^l 
It  becomes  greenish  brown  from  the  surface  downward  on  the  additiotJ  of] 
very  little  caostic  soda  or  ammonia  with  excess  of  oxygen,  and  on  stirring  J 
it  becomes  quickly  dark  brown  or  black.  It  reduces  alkaline  eopi>er  uoln- 
tions  with  even  slight  heat,  and  ammoniacal  silver  solntions  immediately  in 
the  cold.  It  does  not  rednce  alkaline  bismuth  solntions.  It  gives  a  lemou- 
colored  precipitate  with  Millon's  reagent,  which  becomes  light  brick-red 
on  warming.  Among  the  salts  of  this  acid  we  most  mention  the  lead  salt 
containing  water  of  crystallization  and  M,7*Ji  Pb.  This  salt  melts  at 
^14-215'*  0, 

In  preparing  this  acid  the  strongly  acidified  nrine  is  shaken  with  ether. 
The  reeidoe  obtained  on  the  distillation  of  the  ether  is  dissolved  in  water, 
the  solution  heated  to  boiling  and  treated  with  a  lead  acetate  solution 
(1  :  5),  and  the  brown  resinotis  precipitate  quickly  separated  by  filiration. 
The  lead  salt  gradually  crystallizee  from  the  filtrate.  This  is  decomposed 
by  sulphuretted  hydrogen,  and  the  acid  obtained  as  crystals  from  the  filtrate 
after  carefully  concentrating  the  filtrate  finally  in  vacuo. 

Iq  regard  to  the  quantUative  estimation  we  proceed  according  lo  the  suggestlou  of 

N 
Baumann  liy  titrating  Uie  at'id  witli  ji  —- siWcr  solution.     As   regards  detaili  of  tlu» 

Tnetbotl  we  tnuKt  refer  llie  reader  to  tbe  original  publicalloD.*     Dentoks'  bns  suggetf*:^ 
another  inelbml 

Urokucic  acid,  C,HioO»,  in,  according  to  Huppert,  probably  a^  dioxvpbenylJiicw 
acid,  C,H,(OH)5.CHs.CH{OII),CnOH.     Tbis  int^id  was  first  prepared  by'KiUK*  frojv 
the  urioe  of  cUildreu  wiiti  ulcaptouunii,  which  also  contitiued  homogeutihtc  ikvUl. 
inelta  at  130-133"  G.     Otberwiae,  iu  regard  to  its  behuvior  with  alkalies,  with  iicciss 
airland  also  with  alkaliue  copper  8c>hHions  ami  ammouiacal  silver  solutioos.  wid  ali^ 
MiLLoN'f^  n  iirjent,  it  h  similar  lo  homugetitisic  acid. 

Orymadelio  acid.  C^H^O^ ,  parftoxyphenylglycolic  acid,  HO.C,H«.CH(OHlC00H,   »^ 
as  above  Matc*d,  foiiud  m  thu  urine  in  acute  airophv  of  the  liver.     The  acid  crv^lalii^^ 
in  silky  needles.     It  melis  at  162"  C.  dissolves  ruadlly  in  hot  water,  less  m  cold  wat*^ 
and  readily  in  alcohol  aiul  elber,  but  not  in  hot  benzol.     It  is  preclpilalecl  by  bisic  le 
acetaie.  but  not  by  lead  aceiate. 

KyaurBDic  aeid,  ('i.,HtN<}j.  is  an  oxychinolin-carbonic  acid  occurring  in  dog'i  tiriiH 
We  are  not  clear  in  rcgani  lotbe  origin* of  this  acid.     It  seems  not  to  l»e  formed  ia  T 
intealiual  tract,  and  it  is  not  changed  by  putrefaction  bacteria  (CtrpALDi)^ 


»  Zeilschr.  t  phyaiol  Chem,.  Bd.  20. 

*  Ibid.,  m. 
»  Chem  Ccntralbl.,  1807,  Bd.  1.  S,  388. 

*  Hiippert,  Zeilschr.  f.  physioL  Cliem.,  Bd,  23  ;  Kirk,  Brit.  med.  Joiim.,  18 
1888,  Journ  of  Auat.  and  Physiol,  Vol.  23. 

'  Zelticbr*  f.  physlol.  Cbem.,  Bd.  23.     la  regard  to  kynureuic  acid  see  also  Hupp 
^eubayer,  10.  Au!i..  aud  Mendej  and  Jackson.  Amcr.  Journ.  of  Physiol.,  Vol.  2. 
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Urinary  PigmeEU  and  ChromogenB*  Tlie  yellow  color  of  normal  nrine 
depemla  perljapa  upon  several  pigments,  but  m  greatest  part  upon  urocitbom. 
Beeides  this  the  nrine  aeenis  to  contain  a  very  small  qnantity  of  HiEMAXO- 
puiti^HYRiN  as  a  regular  conBtitaenL  Ukoerythrin  also  is  of  frequent 
occurrence  in  normal  urine.  Finally,  the  excreted  nrine  when  exposed 
to  Ihe  action  of  light  regularly  contains  a  yellow  pigment,  urobilin, 
which  is  derived  from  a  chromogen,  urobilixogek,  by  the  action  of  light 
(Saillet)  and  air  (Jaffe,  DisgrE  ',and  others).  Besides  this  chromogen, 
nrine  con  tains  various  other  bodies  from  which  coloriug  matters  may  be 
produced  by  the  action  of  chemical  agents.  Humin  substances  (perhaps  in 
part  from  the  carboliydrates  of  the  urine)  may  be  formed  by  the  action  ol 
acids  (v.  Uokakszky)  without  regard  to  the  fact  that  such  substances  may 
sometimes  originate  from  the  reagents  used,  as  from  impure  aniyl-alcohol 
(v,  Udkanszkt*).  To  these  homin  bodies  developed  by  the  action  of  acid 
in  normal  urine  when  exposed  to  the  air  must  he  added  the  urophain  of 
Helleu,  the  various  uromelanins,  and  other  bodies  described  by  different 
investigators  (Plos'z,  Thudichum,  Schunck  ').  Indigo-blne  (ritooLAUcm 
ol  Meller,  UBOCYANiN,  cyAXURiN,  and  other  coloring  matters  of  older 
investigators')  ia  split  off  from  tiie  indoxyl-sulphuric  acid  or  indoxyl- 
glycnronic  acid.  Eed  coloring  matters  may  be  formed  from  the  conjugated 
indoxyl  and  skatoxyl  acids,  and  urohochn  (Heller),  urorubix  (Plos'z), 
ruoii.f:iiATiN  (Hakley),  ami  perhaps  also  uborosein  (Nencki  and 
SiEHER*)  probably  have  such  an  origin. 

We  cannot  discuss  more  in  detail  the  different  coloring  matters  obtained 
as  decomposition  products  from  normal  nrine.  Ilji^niatoporphyrin  baa 
already  been  referred  to  in  a  previous  chapter  (YI)  and  will  best  be  described 
in  connection  with  the  pathological  pigments.  It  only  remains  to  describe 
urochrom,  urobilin,  and  nroerythrin. 

Urochrom  is  the  name  given  by  Garrod  to  the  yellow  pigment  of  the 
nrine,  TurtvuHrM*  had  previously  given  the  same  name  to  a  less  pnre 
pigment  isolated  by  himself.  According  to  Garrod  urochrom  ia  free  from 
iron,  but  contains  nitrogen.  It  stands,  i:  seems,  in  close  relationship  to 
nrobilin,  as  Garrod  has  obtained  a  nrobilin-like  pigment  by  the  aotion  of 

»  Jnffe.  Centralbl.  f.  d.  med.  Wlssen«cli.,  1868  nnd  1869.  uud  Virchow'a  Aich.,  Bd. 
47  ;  Disque.  Zeilschr.  f.  physio!.  CUem.,  Bd.  2  ;  Saillel,  Revue  de  mcdeciue,  Tojuu  17, 
1897* 

»  V.  Udriiosky,  Zollschr.  f.  pbydoL  Cbem.,  Bdd.  11,  12.  and  13. 

•Flos'/.  ZeiiBcbr.  f.  pliysiol  Chcm..  Bd,  8;  Tlmdiclium.  Brit  nu'd.  Journ.,  Vol. 
201,  and  Juiiru.  f.  pnikt.  Chem.,  Bd.  104;  Schuock,  cited  from  Huppert-Nenbfiuer, 
10.     Aufl..  p.  509. 

^  See  Hiippert*Neubuuer,  p.  161. 

*  III  regard  to  this  imd  other  red  pigmcuts  see  H upper! -Nciibauer,  pp.  5^8  and  507  j 
NcDcki  liiul  Sieber.  Journ.  t  prakt.  Chcm.  (2),  Bd.  20. 

*  Garrod,  Proceed.  Roy.  Soc.  Vol.  &5  ;  TbuHicljum,  1.  c. 
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aldebyde  on  Tirocbromj  and  Riva  ^  claims  tliat  urobilin  yields  a  body  similar 

to  nrochrom  on  carefnl  oridation  with  permaDganate. 

Urochrom  is,  according   to   Oahkod,  amorphous^  brown,  very  readily 

soluble  in  water  and  ordinary  alcohol,  hot  less  soluble  in  absolute  alcohol. 

It  dissolves  but  slightly  in  acetic  ether,  amyl -alcohol,  and  acetone,  while  it 

is  in  solo  Me  in  ether,  chloroform,  and  benzol,     Urochrom  is  precipitated  by 

lead  acetate,  silver  nitrate,  mercuric  acetate,   phosphotnngstic  and   phos- 

phomolyhdic  acida.     On  saturating  the  nrijie  with  ammonium  sulphate  a 

great  part  of  the  urochrom  remains  in  solution.     It  does  not  show  any 

absorption -bands,  and  does  not  flnoresce  after  the  addition  of  ammonia  and 

zinc  chloride,     Urochrom  is  very  readily  decomposed,  with  the  formation 

of  brown  snbstances,  by  the  action  of  acids. 

Uroclirora  is  prepared  according  lo  a  rather  complicated  method  which  catisists  ia 
saturaliag  tlie  urine  with  ammonium  sulphate,  when  most  of  the  urochrom  remaios  in 
aolutiou.  The  hlirate  is  li  ealed  with  a  proper  quauiily  of  alcolml  when  n  clear,  yellow, 
alcoholic  layer  collects  on  the  salt  soluiiou,  aud  Ihls  cotHjiinB  the  urochrom  and  ia'furlLer 
purified  according  lo  Gaiirod** 

TJTobilin  is  the  pigment  first  iolated  from  the  nrine  bj  Jaffe'  and 
which  is  characterized  by  its  strong  fluorescence  and  by  its  absorption- 
spectrnm.  Various  investigators  have  prepared  from  tiie  nrine  by  different 
methods  pigments  which  differed  slightly  from  each  other  but  behared 
esaentiftlly  like  Jaffe's  nrohilin.  Thus  different  urobilins  have  been 
anggested,  such  as  normal,  febrile,  physiological,  and  pathological  urobilins.* 
The  poBsibility  of  the  occurrence  of  different  nrobilins  in  the  urine  cannot 
be  denied  J  bnt  as  nrobilin  is  a  readily  changeable  body  and  ditMcultly 
purified  from  other  urinary  pigments,  the  qnestiou  as  to  the  occurrence  of 
different  urobilins  most  still  be  considered  open.  According  to  Saillet  *  no 
urobilin  exists  originally  in  human  urine,  bnt  only  the  mother-substance 
of  the  same,  urobilinogen,  from  which  the  urobilin  is  formed  in  the  excreted 
urine  by  the  influence  of  light. 

IJrobilin-like  bodies,  so-called  UROHILINOID,  have  l>een  prepared  from 
bile  pigments  as  well  as  blood  pigments,  and  indeed  by  oxidation  as  well  as 
reduction.  Malt  obtained  his  hydrobilirubin  by  the  reduction  of  bilirubin 
with  sodium  amalgam,  and  Disque  obtained  a  product  which  is  still  more 
similar  to  urobilin,  while  Stokvis  prepared  by  the  oxidation  of  cholecyanin 
with  a  little  lead  peroxide  a  choletelin  which  jvcted  very  much  like  urobilin, 
Hoppe-Seyler,  Le  Nobel,  Xekcki  and  Siebee  have  obtained  urobilinoid 


»  Garrod,  Journ.  of  Physiol.,  Vol.  21  ;  Rtva*  cited  from  Huppert-Neuhauer,  p.  634. 

•L.C. 

■  Centmlbl.  f.  d.  med.  Wiseciuch..  1868  uid  1890,  and  Virehow's  Arch..  Bd.  47. 

«  See  M&cMutin.  Proe.  Hoy.  Soc.,  YoU.  81  and  S^  ;  Ber.  d.  i]eul»ch.  eheni.  Gesetlacli^. 
Bth  14.  ami  Journ,  of  PhysioU.  Vols.  6  aad  10;  Bo^omoloff,  Maly's  Jahtesber,  Bd.  23 ; 
Elchhoix,  Jourti.  of  Pl»ysiol..  Vol.  14 ;  Ad.  JoUe«.  PflQger's  Arch.,  Bd-  61. 

•  Revue  de  mMecine,  Tome  19,  18»7, 
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bodies  by  the  redaction  of  lijematia  and  hsematoporplijriii  with  tin  or  zinc 
jaocl  hydrochloric  acid»  while  MAcMrxx*  obtaitied    by  the   oxidation   of 
^^ matin  with    hydrogen  peroxide  in  alcohol   containing  sulplmric  acid  a 
pigment  which  seemed  to  he  identical  with  urinary  urobilin.     It  is  apparent 
^H^t  all  these  nrobiliua  cannot  be  identical. 

Many  investigators  declare  that  urobilin  is  identical  with  hydrobilirnbin, 
^^t  according  to  tbe  researches  of  Hopkins  and  Gakbod'  this  %iew  is  not 
Correct  because,  irreepective  of  other  small  differences,  each  body  has  an 
^essentially  distinct  composition.  Hydrobilirnbin  contains  C  04*  OS, 
ll  Ci.l»3,  N  9.2^  (Maly),  while  urinary  urobilin,  on  the  contrary,  containa 
C  63. 4G,  H  7.67,  X  4.09^,  The  urobilin  from  faeces,  steroobilin,  hae  the 
«ame  composition  as  orinary  urobilin  with  4.17^  nitrogen. 

Urinary  urobilin  may  not  be  identical  with  hydrnbilirubin,  but  this  does 
Hot  eliminate  the  possibility  that  urobilin,  according  to  the  generally 
Admitted  view,  is  derived  from  bilirubin  (although  not  by  simple  reduction 
and  taking  op  water)  in  the  intestine.  Several  physiological  as  well  as 
clinical  observations  *  Bpeak  for  this  view,  among  which  we  must  mention 
the  regular  appearance  in  the  inte^stinal  tract  of  stercobilin,  undoobtedly 
derived  from  the  bile-pigments  and  having  the  same  composition  as  urinary 
urobilin ;  the  absence  of  urobilin  in  the  urine  of  new-born  infanta  and  also  on 
the  complete  removal  of  bile  from  the  intestine;  as  well  as  the  increased 
elimination  of  urobilin  with  strong  intestinal  putrefaction.  On  the  other 
hand  there  are  investigators  who,  basing  their  opinion  on  clinical  observations, 
deny  the  intestinal  origin  of  urobilin  and  claim  that  the  urobilin  is  derived 
from  a  transformation  of  the  bilirubin  not  in  the  intestine,  by  an  oxidation 
of  the  same  or  also  by  a  transformation  of  the  blood-pigments.*  The  possi- 
bility of  a  diJlerent  mode  of  formation  of  urinary  urobilin  in  disease  is  not 
to  be  denied;  but  there  is  no  donbt  that  this  pigment  is  formed  from  the 
bile-pigments  in  the  intestine  under  physiological  conditions. 

The  quantity  of  nrobilin  in  the  urine  under  physiological  conditions  is 
▼cry  variable.  Saillet  found  30-130  milligrammes  and  CL  IIorPE-SEYLER 
80-140  milligrammes  in  one  day's  urine. 


'  Mjily,  Adh.  d.  Cliem.  u.  Pharm.,  Bd.  163;  Difique,  Zdlschr.  f.  pliyslol.  Cham., 
Bd.  2;  Stokvis,  CeutralliL  T  d.  meet.  Wlsaeosch.,  I873»  S.  311  and  449;  Hoppe  St-^yler 
Ber.  d.  deutscb.  chem.  Gcaellacli^,  Bd,  7  ;  Le  Nobel,  Pflllger'a  Arch,,  Bd.  40;  Neucki 
and  Sleber,  Motiatskcfte  L  Chem.,  Bd.  9,  aod  Ardi.  f.  exp.  Path.  u.  Pharm,,  Bd.  24  ; 
MacMuim.  Prnc.  Hoy.  Soc,  Vol.  31. 

»  Jouni.  of  Pbysiol.,  Vol  22. 

"See  Fr.  MtlUer,  8cliles.  Gesellacb.  f.  vaterL  KuUur,  1882  r  D.  Gerbardt,  "  Ueber 
Hydrobilirnbin  uml  seiin*  IkKUih,  zniu  Ikterus**  (iDaug^.^Diss^,  Berlin,  1889);  Berk, 
Wieo,  kliii,  Wocbeoscbr,  1895;  Ilarky.  Brit.  Med,  Journ.,  1896, 

*  In  regard  to  the  various  theories  as  to  The  formation  of  urobiliQ  see  Harley,  BriL 
Med,  Jouni,,  18%:  A.  Katz,  Wion.  Med.  Wodieuscbr.,  1891.  Nus.  28-32;  Grimm. 
Yircbow'fl  Arcb»,  Bd.  132  ;  2oju,  Confereuze  cliuicbe  italiane,  Ser,  1  a.  Vol.  1. 
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idxactly  at  £  and  connected  with  ^^  by  a  shadow  (Gareod  and  Hopkixs, 
Saillet')* 

Urobilinogen  is  colorless  or  is  only  slightly  colored.  Like  arobilin  it  is 
precipitated  from  the  urine  by  saturating  with  ammonium  sulphate. 
According  to  Saillet  it  may  be  extracted  by  acetic  ether  from  urine  iicidi- 
fietl  with  acetic  aoid.  It  dissolves  also  in  chloroform,  ethyl  ether,  and 
amyalcohoL  It  shows  no  absorption- bands,  and  is  readily  converted  into 
urobilin  by  the  influence  of  sanlight  and  oxygen. 

In  preparing  urobilin  from  normal  urine,  precipitate  the  urine  with 
basic  lead  acetate  (Jaffe),  wash  the  precipitate  with  water,  dry  at  the 
ordinary  temperature,  then  boil  it  with  alcohol,  and  decompose  it  when  cold 
with  ulcohol  containing  snlpburic  acid.  The  filtered  alcoholic  solution  is 
diluted  with  water,  satunited  with  ammonia,  and  then  treated  with  zinc- 
chloride  solution.  This  new  precipitate  is  washed  free  from  chlorine  with 
water,  boiled  with  alcohol,  dried,  dissolved  in  ammonia,  and  this  solution 
precipitated  with  sugar  of  lead.  This  precipitate,  which  is  waslied  with 
water  and  boiled  with  alcohol,  is  decomposed  by  alcohol  containing  sul- 
phuric acid,  the  Jiltered  alcoholic  solution  is  mixed  witii  h  vol.  chloroform, 
diluted  with  water,  and  shaken  repeatedly,  but  not  too  energeticalJy.  The 
nrobilin  ia  taken  up  by  the  chloroform.  This  last  is  washed  once  or  twice 
with  a  little  water  and  then  distilled,  leaving  the  urobilin.  The  pigment 
may  be  precipitated  directly  from  the  urine  rich  in  nrobilin  by  ammonia 
and  zinc  chloride,  and  the  precipitate  treated  as  above  decribed  (Jaffe). 

The  method  suggested  by  Mehy  (precipitation  with  ammonium  sul- 
phate) has  been  modified  by  Gakrod  and  Hopkins  in  that  they  first  remove 
the  uric  acid  by  saturating  witfi  ammoniom  chloride  and  then  saturating 
the  filtrate  with  ammonium  sulphate.  The  precipitated  urobilin  is  thus 
made  purer  tlian  by  saturating  with  the  sulphate  directly.  The  urobilin  is 
extracted  from  the  dried  precipitate  by  a  great  deal  of  water,  reprecipi tinted 
by  ammonium  sulphate,  and  this  procedure  repeated  several  times  if  neces- 
sary. The  dried  precipitate  finully  obtained  is  dissolved  in  absolute  alcohol. 
In  regard  to  small  details,  and  to  a  second  method  suggested  by  these  experi- 
menters, we  refer  to  the  original  work.* 

Saillet  extracts  the  urobilinogen  from  the  urine  by  shaking  with 
acetic  ether,  using  a  kerosene -oil  light,' 

The  color  of  the  acid  or  alkaline  solution,  the  beautiful  fluorescence  of 
the  ammoniacal  solution  treated  with  zinc  chloride,  and  the  absorption- 
bands  of  the  spectrum,  all  serve  as  means  of  detecting  urobilin.  In  fever- 
urines  the  urobilin  may  be  detected  directly  or  after  the  addition  of 
ammonia  and  zinc  chloride  by  its  spectrum.  It  may  also  sometimes  be  de- 
tected in  normal  urine,  either  directly  or  after  the  urine  has  stood  exposed  to 
the  air  nntil  the  chromogen  has  been  converted  into  urobilin.  If  it  cannot 
be  detected  by  means  of  the  spectroscope,  then  the  urine  oiay  be  treated 
with  a  mineral  acid  and  shaken  with  ether  or,  still  better,  with  amylalcohoh 
The  amylalcohol  solution  is,  either  directly  or  after  addition  of  a  strongly 
ammoniacal  alcoholic  solution  of  zinc  chloride,  tested  spectroscopically.     If 


»  Gftrrod  aod  Hopkias,  Jomn,  of  Physiol,  Vol.  20;  Saillet.  I  c. 

*  Joaro.  of  PU>8iol.  Vol.  20, 

*  lu  rugard  to  lliis  Bad  other  methods  we  must  refer  the  reader  to  special  works. 


458 


URINE, 


the  urobilin  canoot  be  detected  in  this  way,  the  pigment  may  be  isolitfji 
by  ammonium  enlpliate  according  to  the  above-described  method  of  Gahrod 
and  Hopkins. 

In  tlie  qnantitfttive  estimation  of  urobilin  we  proceed  as  follows,  accord- 
ing to  G.  Hoppe-Seylek:  "   100  c,c.  of  the  urine  is  acidified  with  Bulphur;' 
acid  and  Baturated  with  animoniQm  eulpbate.     The  precipitate  is  colltL. 
on  a  filter  after  some  time,  washed  with  a  satii rated  Bolution  of  ammoumni 
sulphate,  and  repeatedly  extracted  with  equal  parts  alcohol  and  chloroform 
after  pressing.     The  filtered  solntion  is  treated  with  water  in  a  sepanitory 
funnel  until  the  chloroform  separates  well  and  becomes  clear-     The  chloro- 
form solution  is  evaporated  on  the  water-bath  in  a  weighed  beaker,  tbe 
residue  dried  at  10(/'  C,  and  then  extracted  with  ether.     The  etbereili 
extract  is  filtered,  the  residue  on  the  filter  dissolved  in  alcohol,  and  tran» 
f erred  to  the  beaker  and  evaporated,  then  dried  and  weighed.     According  t 
this  method  CI.  Hoppe-Seyler  found  0.08"0*14  grm.  urobilin  in  one  daj^lj 
urine  of  a  healthy  person,  or  an  average  of  0.123  grm. 

Umbiliu  inny  also  be  (leltnniDed  apectn>-plioiomeinfaI!y  ficconJing  to  Fr.  Mclu 
or  to  SAiLLiiT.*  Accurdiiig  to  Satllet  the  Hmiv  for  the  pe ret pn'bi lily  of  ilie  nbsor|>Uoai»| 
tanda  of  \m  acid  unjbilin  soluikiD  liesin  a  con  cent  rat  ion  of  1  uuHignuiime  urobilin  In  8Sl 
c.  c,  sobtticm  wlieu  tbe  liilckiiLS^  of  the  layer  of  tink!  is  15  mm,  ^Id  a  quftntitativcert!' 
malum  tbe  urobilin  solutiou  Is  dibited  to  this  limit  aud  tbeu  the  qiiaatitT  of  urobilin 
caknlati^il  from  tbe  extent  of  dihilioii.  Tbe  fiesbly  voidt-d  iirlue,  sbiiddecl  from  light. 
Is  aciditied  wiib  iieelic  ncid,  completely  exiracied  in  kerosene-oil  light  wiib  acetic  etbcr, 
ftnd  tlie  dissolved  nmbiliiiogec  oxiflized  to  mobilin  witb  rutric  acid.  Ou  the  addition  of 
Ammonia  and  sbakii  i?  with  wnter  tbf  umbUiu  passes  into  the  watery  ^oIutioQ.  Tliis  ii 
acidified  with  hydrochloric  add  and  diluted  unill  tbe  above  limit  is  reached. 

XTroerythrin  is  the  pi^ineut  which  ofteu  gives  the  heautiful  red  color  to 
the  uriuary  Bedinients  {seiUnientnm  hUeriiium).  It  also  frequently  occun, 
although  only  in  Tery  small  q  nan  titles,  dissolved  in  normal  uriueB,  The 
tjuantity  is  increased  after  greAt  muscular  activity,  after  profuse  perspira* 
tiou,  immoderate  eating,  or  partaking  of  alcoholic  drinks,  as  well  as  aft«r 
digestive  disttirhatices,  fevers,  circulation  disturbances  of  the  liver,  and  in 
many  other  pathological  conditions. 

XTroerythrin,  which  has  been  especially  stadied  by  Zoja,  Rita,  md 
Garrod/  has  a  pink  color,  is  aniorphoua  and  is  very  quickly  destroyed  bf 
light,  especiidly  when  in  solution.  The  best  eolvent  is  aniylalcobol ;  acetic 
ether  is  not  so  good,  and  alcohol,  chloroform,  and  water  are  even  lees  Til* 
nable.  Tbe  very  dilute  solutions  show  a  pink  color;  but  on  greater  concen* 
tration  tliey  become  reddish  orange  or  fire-reii.  They  do  not  fluoresce  eitlitf 
directly  or  after  the  addition  of  ammoniacal  solution  of  zinc  chloride^  bat™ 
they  have  a  strong  absorption,  beginning  in  the  middle  between  /}and^  , 
and  extending  to  about  F^  and  consisting  of  two  bands  which  are  coiinect«d 
by  a  shadow  between  E  and   h.     Concentrated   salphuric  acid   colora  • 

'  VireLiow*fl  Arch.»  Bd,  124. 

*  Fr.  Mftller,  see  Hiipp€Tl-Neubauer»  p.  861  ;  Saillet,  L  c. 

*  Zojju  Arcb.  IiaL  di  rlimoa  med.,  181>3,  and  CtniralbL  f.  d.  mcd.  Wiaaeoich.,  169*»1 
Riva.  Gaz.  med.   tli  Torlm>.   Anno  43,  cited  from  Maly's  Jabresber.,  Bd,  S4;  OinOi 
Jouru,  of  Physiul. ,  Vols.  17  and  21. 
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nroervthrin  eolation  a  beautiful  carmine  red;  hydrochloric  acid  gives  a  pink 
color.  Alkalies  make  its  solutions  grass-green,  and  often  a  play  of  colora 
from  piok  to  purple  and  blue  is  observed. 

la  prepfiring  iiroerythrin  llie  sedinieut.  HCcordiuc  lo  Garho0.  is  dissolved  m  water  at 
a  geulle  heiii  atitl  s44iuiatL^d  with  jiiiimfndum  rblond^i,  wldcU  precipiiates  iLi;  pigment 
wub  the  ammoDium  mate.  Tliis  b  pudiUnl  hy  rupeated  soiutiou  m  water  uod  predpi- 
tatlon  with  aiiimouium  cbloride  imtil  all  the  uii>bilio  i*t  removed.  The  precipitate  is 
finttlly  extracted  on  the  tilter  iu  the  dark  with  warm  water.  liUercd,  diluted  with  water, 
any  htemiiluporphyrlii  remainiug  is  removed  by  shaking  with  chloroforai,  fabuly  acidi* 
fied  with  ucetic  acid  ami  shaken  with  chloroform,  which  takes  up  the  urocrylbriu.  The 
cblorofejrm  is  evafiorated  in  the  dark  at  a  geutle  heat. 

VolatUe fatty  acids,  such  as^formic  add.  acetic  acid,  aud  perhaps  also  butyric  acld»  occur 
undeniorrual  condiiiuuB  la  buiuan  urine  (v.  jAKBcnj,  alau  in  that  of  dugs  tiud  licrbivora 
^ScHOTTESj.  The  acids  poorest  in  carbon,  such  as  formic  acid  and  acetic  acid,  ore  more 
constant  in  the  body  than  those  richer  In  carbon,  and  therefore  the  relatively  greater 
part  of  ibese  pasa  nacbangcd  into  the  urine  (Sc^iuittek).  Normal  Imman  urine  containa 
besides  these  bodies  others  which  yield  ace  lie  acid  when  oxidized  by  potassium  dichro- 
mute  and  sulplruric  acid  (v,  Jaksch).  The  qmiutiiy  of  volatile  fatly  acids  in  normal 
urine  h,  according  to  v.  JAKacn.  0.tX)8-0  UU9  grm.  mr  24  hours,  and  accordtng  to 
V,  RtJKjTANSKY  0.U54  grm.  The  quantity  is  increased  by  exclusive  farinaceous  ?CM>d 
(RtiKiTANSKY)*  al84>  in  fever  and  in  certain  diseases  of  the' liver  (v,  Jaksch).  It  is  also 
increased  In  leuc^mia  and  in  many  cases  of  diabetes  (v.  Jakbcu),  Large  amounts  of 
volatile  fatly  acids  are  produced  in  the  alkaline  fermentation  of  the  urine,  and  (lie  quan- 
tity IS  6-15  times  as  large  as  in  normal  urine  (SALKow»Kt ').  NonvoliUiU  fatty  acid» 
have  been  delected  as  normal  constituents  of  urine  by  K.  MfVnNKii  and  HymiiNETTB.' 

Parnlactie  AM.  It  is  claimed  liiai  thin  acid  occurs  in  the  urine  of  healthy  persona 
after  very  fatiguing  marches  (Colasajjti  and  Most  atellii.  It  is  lound  in  larger 
nmoucts  in  the  urine  in  acute  phospborUijqHjisoning  or  acute  yellow  atrophy  of  the  liver 
(ScHCLTZEN  and  Hjebs).  According  to  the  investigations  of  Hoppe-Seylkjv»  Akaej* 
and  v»  Tkhray  lactic  add  pasj^cs  into  the  urine  as  soob  as  the  supply  of  oiygoti  is 
decrease<i  in  any  way.  Minkowski*  hrui  shown  ttiat  lactic  acid  occur*  iu  the  urine  ia 
large  quantities  on  the  extirpation  of  the  liver  of  birds. 

Olyii4rQph&9ph^rk  ticid  occurs  as  traces  in  the  urine,^  and  it  is  probably  a  decomposi- 
tion product  of  lecithin.  The  occurrence  of  sucdnie  acid  in  normal  urine  is  a  subject 
of  discussion. 

Carbohydrates  and  Reducing  Substances  in  the  rrine.  The  occiiirence 
of  grape-sugar  as  traces  in  normal  urine  is  highly  probable,  as  the  investi- 
gations of  BrCckb,  Abeles,  and  v.  Udranszky  show.  The  last  investi- 
gator has  also  shown  the  hubittial  occnrrence  of  carbohydrates  in  the  urine, 
and  their  presence  has  been  positively  proved  by  the  investigations  of 
Baumaxn  and  Wedenski,  and  especially  by  Baisch.  Besides  glucose 
normai  nrine  contains,  acconling  to  Baisch,  another  not  well-sttidted 
variety  of  sugar;  according  to  LEiiAiRE,  probably  isomaltose,  and  besides 
this  a  dextrin-like  carbohydrate  (animal  gum),  as  shown  by  Landwehr, 
Wedenski,  and  Baisch/ 

^  V.  Juksch,  Zeitschr.  f.  physioL  Chem.,  Bd.  10  ;  Schotten,  1.  c,  Bd.  7;  Rokltanaky, 
Wicn.  med.  Jahrbuch.  1887;  Salkowski,  Zeitschn  f,  pbjsiol.  Chera.,  Bd.  18. 
»  Skand.  Arch.  L  Physiol.,  Bd.  7, 

•  Colasantl  and  Moscatelli,  MoIeschott*a  Unlersuch..  Bd.  14;  ScbuUzen  and  Reiss, 
Cbem.  Centralbl.,  1869  ;  Araki.  Zeitscbr.  f.  physiol.  Chem,,  Bdd.  15,  10»  17,  19.  See 
also  Irisawa.  ibid.,  Bd.  17;  v.  Terray,  PtlUger's  Arch.,  Bd,  65.  See  also  Schiltz, 
Zeltachr.  f.  physlol.  Chem..  Bd.  1^;  Minkowski,  Arch,  f,  exp.  Path,  u.  Pharm.,  Bdd. 
31  and  31. 

•  See  PasqualiB,  Maly's  Jahresber.,  Bd.  54. 

•  Lemaire,  Zeitscbr.  t  pbysiol.  Chera..  Bd.  21  ;  Baisch,  ibid,,  Bdd.  18,  19,  and  20; 
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Beeides  traces  of  sugar  liiid  the  previoasly  mentioned  redacing  Eub-I 
stancea,  uric  acid  and  creatinia,  the  nrliie  contains  still  other  reducuisi 
Bubstaiices,     Tliese  last  are  probably  (FLrcKiGER)  conjugated  combinaiiooi 
of  (fii/cttronic  acidy  C'^II^^O^,  which  closely  resembles  sugar.     The  redncing 
power  of  nornuil  urine  corresponds,  according  to  varions  invefitigatorsj  u> 
l,5"fK[**j  p.  m.  grape-SD^ar.' 

GlycuroBic  Acid,  OJIJ)^  or  CH0.(CH.OH)^.C00H.     This  acid  m»j 
be   converted    itito   saccharic   acid,    C.Hj^O, ,    by   the   action  of  brouiinfi 
(Thikrfelder),  and  it  seems  to  occupy  au  intermediate  position  between 
this  acid  and  gluconic  acid,  C,1I,,0,.     It  is  a  derivative  of  glncose,  and 
Fischer  and  Pi  lot y  have  prepared  it  synthetically  by  the  reduction  of 
saccharo-lac tonic    acid.      Further   redaction    yields    gulonic    acid   lactoaj 
(Thierfelder).     Ulycnronic  acid  is  an  intermediate  metabolic  prodnct,! 
and  it  occurs  in  the  urine  only  when  it  is  protected  from  combustion  in  tht 
animal  body  by  combining  with  other  bodies.     Such  conjugated  conibimi*| 
tions  with  indoxyl,  skatoxyl,  and  phenols  occur  probably  normally  io  W 
small  quantities  in  human  urine.     This  acid  as  conjugated  glycnrouic  ncid* 
passes  in  large  quantities  into  the  urine  after  the  administration  of  varions 
therapeutic  agents  or  certain  other  subatanceB.     Thus  Scumiedeberci  and 
Meyer   found  campho-glycuronic  acid   in  the  urine  after  partaking  rf I 
camphor,  and  v.  M eking*  showed  the  presence  of  urocldoralic  ncid  (a 
Casual    Constituents   of   the   Urine)  after   the  administration   of  chloial 
hydrate.     According  to  Schmiedebebq  '  glycuronic  acid  seems  tooccQfia 
cartilage   because   it   is  contained    in  chood rosin,    a   cleavage  produri  of 
chondroitiu-sulphuric  acid.     It  is  also  found  in  the  artist's  color  **jaane 
indien/^  which  contains  the  magnesinm-salt  of  enxantbonic  acid  (toxis- 
thon-glycuronic  acid).     On  heating  this  acid  with  water  to  120-r25"  CJt  m 
splits  into  euxantbin  and  glycuronic  acid,  and  it  ia  the  most  availftblt  1 
material  for  the  preparation  of  glycuronic  acid  (Thierfelder).     Anather 
acid,  isomeric  with  the  ordinary  glycuronic  acid,  has  been  found  in  thi 
urine  in  certain  cases  (see  Casual  Constituents  of  the  Urine). 

Glycuronic  acid  is  not  crystalline,  but  is  obtained  only  as  a  symp.    R 
dissolves  in  alcohol  and  is  easily  soluble  in  water.     If  the  watery  solntioaia 
boOed  for  an  hour,  the  acid  is  in  part  (20**)  converted  into  the  anhydri^* 
qlycurok,  C,H,0^  ,  which  is  crystalline,  soluble  in  water,  but  insolnble  '^"^ 
alcohol.     The  alkali  salts  of  this  acid  are  crystalline.     Tlie  neutral  bario^ 


Trey  pel,  thtd.,  Ed.  16.     These  articles  contain  rcfereacea  to  iJie  work  of  olljcr  \uT^^ 

"  FltlckigLT,  ZeiucUr.  f.  pbyniol,  Clieiii.,  Bd.  9,     See  also  Huppert-Neubauer,  p.  ^^ 
«  Tliierfelder.  Zeitsclir.  f.  physiol.  Chcm.,  Bdd,  11,  18,  und  16  ;  Fischer  auJ  Pilo< 

Ber,   d.   deiuscb.   chcm,   Gei^ellscb.,   Bd.   24;    Sehmiedeberg  and  Meyer,  Zeltschn 

phyBiob  Cbem.,  Bd,  3  ;  y\  Meriug,  \bid.^  Bd.  6. 
•  Arch.  f.  exp.  Patli.  u.  Pharm,.  Bd.  28. 
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It  is  amorphous^  golable  in  water,  bat  is  precipitated  by  alcohol.  If  a 
concentrated  solution  of  the  acid  is  satarated  with  barium  hydrate,  the 
basic  barium  salt  separates.  The  neutral  Jead  salt  is  soluble  in  water,  but 
the  basic  salt  is,  on  tlie  contrary,  insoluble.  The  acid  is  dextrogyrate  and 
rednces  copper,  silver,  and  bismnth  salts.  It  does  not  ferment  with  yeast. 
Given ronic  acid  gives  the  furfurol  reaction  and  acts  like  a  pentose  when 
tested  with  phloroglncin-hydrochloric  acid.  With  plienylhydraziii  potas- 
siacn  glycnronate  gives  a  llaky  yellow  precipitate  of  microscopic  needles 
which   melt  at    114r-115''    C*     The  reports  in    regard    to   the  behavior  of 

fjcaronic  acid  with  this  test  are  very  contradictory.* 
All  conjugated  glycnronic  acids  are  Iffivo-rotatory,  while  glycnronic  acid 
Itself  i^  dextro-rotatory.  They  are  split  into  glycnronic  acid  and  the  several 
other  gronpB  by  the  addition  of  water*  A  few  of  the  conjugated  glycnronic 
acids,  SQch  as  the  urochloralic  acid,  reduce  copper  oxide  and  certain  other 
metallic  oxides  in  alkaline  solution,  and  therefore  they  may  interfere  with 

fie  detection  of  sugar  in  the  urine, 
Glycnronic  acid  may  be  prepared  from  nrochloralic  acid  or  camplio- 
ycaronic  acid  by  boiling  with  a  mineral  acid.  It  may  be  prepared  more 
easily  by  heating  eaxanthonic  acid  with  water  in  a  Papin's  digester  to 
120-125''  C.  for  an  hour  and  evaporating  the  watery  solution  at  -j-  ^^"^  tJ. 
The  anhydride  which  crystallizes  is  gradually  removed,  the  mother-liquor 
diluted  with  water  and  boiled  for  a  time  to  convert  a  second  portion  of  acid 
into  anhydride,  and  then  evaporated  at  about  +  40"  C.  This  is  continued 
nntil  nearly  all  the  acid  is  converted  into  anhydride.     The  anhydride  may 

fen  be  further  puritied. 
Organic  emnirintithfu  contnimng  mlphur  of  unknown  kind,  which  may  in  flmnll  part 
cotisUt  of  tuJphoi'pftnides^  0.04  (Gsch£ii>len)-0J1  p.  m.  (L  Mukk),*  cytUn,  or  bodies 
related  to  it,  taurin  drrimitirrii,  ehondroitinnufphuric  atid,  protein  badirs,  aiul  oxf/proteia 
acid^  nre  found  in  liumitn  as  well  as  in  auiniiil  iirioes.  The  Bulphur  of  tbesc  moi<tly 
unknown  combinaiious  boa  been  called  'Vneuiral.*'  lo  diJIerentfale  it  frotn  ibe  "acid*' 
sulphur  of  the  sulphate  and  ethereal-aulpbuHc  acida  (??ai,kow&ki*j.  The  ututml  «uJ- 
pliur  iu  normal  urine  as  determined  by  Sai.kowsri  ia  15;^,  by  Stadthagen  13.^-l4.5;J, 
and  by  Lepine  Wi%  of  the  tolal  sulphur.  In  slnrvaliou.  accoVding  lo  Yn.  Mullkr,  the 
abaijlnte  and  relative  quantities  increase.  Aircordiog^  to  IIeffter  the  quamily  is 
greater  with  a  bread  diet  than  with  a  meat  diel.  Excessive  niuscular  exercise  increases 
the  elimination  of  tie  acid  as  well  aa  the  neutrul  sulphur  (Bkck  and  Benkdikt, 
MtrxK*),  The  quaoUty  of  neutral  sutpbur  also  increases  with  insufBcient  supply  of 
ox>geu  ntEALE  and  BoekiK  hi  chloroform  narcosis  {Kabt  and  MiceTKR).  and  also  after 
the  iDtroduciiori  of  sulphur  (Presch  and  YvoN  *).  Arcordiiig  to  LferiNE  a  part  of  ihe 
neutml  sulplinr  is  more  readily  oxidized  (directly  with  rblorine  or  bromine)  into  sul- 

*  For  literature  see  Hiimmarsteu,  Zeitschr.  f.  physlol.  Chem.,  Bd.  19,  S.  30»  and 
Boos,  ibid,,  Bd.  15.  S,  535. 

*  Oscheidlen,  Pflager's  Arch.,  Bd.  14  ;  Muuk,  Vircbow'a  Arch,,  Bd.  6^ 
1  Ibid.,  Bd,  58,  and  Zeitschr.  f.  physiol.  Chem..  Bd.  9. 

♦Stadthagen,  Virchow's  Arch..  Bd.  li)0  ;  Lepine,  Compt.  rend,,  Tomes  9!  and  97  ; 
Pr.  Milller,  Berlin.  kUn.  Wochenschi.,  1887;  HL-lIlur.  PllUger's  Arch.,  Bd.  38;  Beck 
4nd  Benedikt,  Maly*s  Jahreaher..  Bd.  23,  S.  22a ;  Monk,  Du  Bola-Reymond^s  Ai-ch.. 
1895. 

*  Realeand  Boeri,  Maly*a  Jahreaher*,  Bd.  24;  Kast  and  Mester,  Zeilschr.  f.  klin.  Med,, 
Ba.  18  ;  Presch.  Virchow's  Arch..  Bd,  119  ;  Yvon,  Arch,  do  Physiol.  (6),  Tome  10. 
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pburic  acid  than  Ibe  other*  which  is  first  coe verted  into  sulphuric  acid  after  fusiug  with 
potash  aud  wiltpeire.  According  to  the  investigations  of  W.  Smith'  it  is  probable  that 
Ihe  most  unoxidizable  \mn  uf  the  neutral  sulphur  occurs  aa  sulplio-ncids.  An  increased 
elimiuatioii  of  neutral  sulphur  ims  been  observed  in  varioue  diseases,  such  as  pneu- 
monia, cyslinuria,  aud  especially  where  the  flow  of  bile  into  the  intLKtiue  is  prevented. 

Uaunack  and  Klkine'  have  iirrived  at  the  conclusion,  from  numerons  determtna- 
iioQS  of  the  iulphur  of  the  urine,  that  not  only  is  the  total  sulpbur  geuerully  propor- 
iioaaie  to  the  total  nitrogen,  but  likewise  the  relationship  between  oxidized  sulphur  nod 
total  sulphur  is  always  proportionate  lo  that  betwtea  urea  and  the  total  nitrogen.  Tbe 
more  imoxidized  sulphur  Is  eliminated,  Ihe  more  do  we  had  in  the  urine  an  abuDdance 
of  nitrogeneoiis  eouipouuds.  not  urea.  In  healtby  ptirsons  on  a  mixed  diet  they  fouiul 
ihat  19-34!?  of  the  total  sulphur  was  urgaoic  sulphur.  In  disease  ibe  percentage  is  in 
part  dei>endciit  upon  the  ritianlit}'^  of  footi*  which  prevents  any  conclusion  to  be  drawn 
OS  to  llae  iufluence  of  kind  and  extent  of  disease.  With  coniiauims  severe  dyspncea,  the 
percentage  of  organic  sulphur  may  nevertheless  rise  to  Ai%. 

According  to  Benedikt*  the  absolute  vidue  for  the  Don-oxidizable  sulphur  varies 
only  within  narrow  limits,  and  it  is  much  less  de[iendent  upon  the  extent  of  proteid 
metabolism  than  upon  the  sulpliuric  acid  value.  The  relative  value  de|iend3,  in  the 
first  place,  upon  the  extent  of  sulphuric-acid  eUminaiion,  and  correspondingly,  it  may 
be  smaller  with  extensive  proteid  metabolism  and  greater  with  a  diminished  proteid 
metabolism.  Bki^edikt  is  of  the  opinion  that  the  neutral  s^ilphnr  combinations,  per- 
haps analogous  lo  the  alloxurtc  bodies,  have  their  origin  in  the  specific  destruction  of 
certain  tissue  constituents,  which  are  always  decompoi»ed  in  rather  uniform  quaoti- 
ties. 

The  total  quantity  of  sulphur  in  the  urine  is  determined  by  fusing  Ihe  solid  urinary 
residue  with  saltpetre  and  caustic  alkali.  The  quuutity  of  neutral  sulphur  is  deler- 
mined  as  the  difference  between  the  total  sulphur  and  Uie  sulphur  of  the  sulplmte  and 
ethereal-sulphuric  acids.  The  readily  oxldizable  part  of  the  neutral  sulphur  Is  deter- 
mined by  oxidation  with  bromine  or  potaaaium  chlorate  and  hydrochlortc  acid  (LtriKRp 
Jekome*)* 

Stilpftnrctted  hydrogen  occurs  Iti  urine  only  under  abnormal  conditions  or  as  a  de- 
composltioa  product.  Sulphuretted  hydrogen  may  be  produced  from  the  neutral 
sulphur  of  the  organic  suhstances  of  tbe  urine  by  the  action  of  certain  Imcteria  (Fh. 
MijLLER,  Salkowski').  Other  investigators  have  given  /tj/po^utphiki  as  the  source  of 
tbe  sulphuretted  hydrogen.  The  occurrence  of  hyposulphites  in  normal  human  urine, 
which  is  asserted  by  Hefftkr.  is  disputed  by  Salkowski  and  Presch.'  Hyposul- 
phites occur  constantly  in  cat's  urine  and,  as  a  rule,  also  in  dog's  urine. 

Organic  tonibmtitio  116  containing  pho^phontn  (glycero- phosphoric  acid,  pbof*phoearnic 
acid  (RocKWOOD),  etc.),  which  yield  phosphoric  ucid  on  fusing  with  sidtpetre  and  caustic 
alkali,  are  also  found  In  urine  (Lkpinh  and  Eymonket,  Oertel').  With  a  t^ital  elimi- 
nation of  about  2,0  grma.  total  PjOj,  Oertel  found  on  an  average  about  0.015  grma. 
PfOi  as  phosphorus  in  or^mnic  com l>i nation. 

Enzymes  of  various  kinds  have  been  isolated  from  the  urine.  Among  these  we  may 
mention  pepnn  iBuvcKK  and  others),  diastatic  ensyme  (Coilnheim  and  others).  The 
*»ccurrence  of  rennin  and  trypsin  in  the  urine  ia  doubiful* 

Mtidn.  The  nubecula  consists,  as  shown  by  K.  MriRNEii,'  of  a  mucoid  which  con- 
tains 12.74^  N  and  2.3!S  IS.  This  mucoid,  which  apparently  oritrinaies  in  the  urinary 
passages,  may  t>ass  to  a  54Hght  extent  into  wilution  in  the  urine.  In  regard  to  the  nature 
of  the  mucins  ami  nucleoalbumina  otherwi-ne  tccurring  in  the  urine  we  refer  the  reader 
to  the  pathological  constituents  of  the  urine. 

'  Lepiue,  1.  c;  Smith.  Zeitschr.  f.  pbysiol,  Chem.,  Bd.  17, 

•  Zeitschr,  f.  Biologic,  Bd,  37, 

•  Zeitschr,  f,  kiln.  Med  ,  Bd.  36. 

•  Jerome.  PflOger's  Arch.,  Bd.  60. 

»  Fr.  Mnller.  Berlin,  kiln,  Wochenschr,,  1887;  Salkowskl,  (bid.,  1888, 

•  Heffter,  Pflnger's  Arch.,  Bd,  38;  Balkowski,  ibid.,  Bd,  89;  Preseh,  Virchow% 
Arch,,Bd.  110. 

'  Rockwood,  Du  Bois-Reymond's  Arch.,  1895;  OcrlcK  Zeitschr.  f.  physiol.  Chem,^ 
Bd.  JJ6,  which  cites  the  other  works. 

•  In  regard  to  the  literature  on  enzymes  In  the  urine  see  Huppert-Keubauer,  p.  60d. 
'    *  8kand.  Arch.  f.  PhjaioL,  Bd.  6. 
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QxyproUie  arid  ii  the  name  given  b^  Bondzykbki  and  Gottlieb  to  a  nitrogen  du» 
acid  conlaiuiDg  eulpliur,  whose  existence  in  human  urine  wiis  first  sugge^ttil  hy  Topfkr, 
It  iieems  to  be  a  nornml  coastttuenl  of  human  and  dog's  untie,  but  is  found  lo  a  much 

greater  extent  in  ilie  uriut*  of  <logs  iioisoned  with  phosphorus  (BoKDZTNiiKi  and 
OTTLTKB).  According  to  these  experimenters  it  baa  the  formulti  C4iH8aN,«SO,i  ,  Jind 
according  lo  CLOETaA'  Oa^UiMNau^^OM-  It  tloes  not  coittuin  m\j  looielv  combioed 
sulphur,  and  yields  no  tvTosin  on  clcaveage.  It  does  not  give  eilh«r  ibe  xaulhuproleic 
or  the  biuret  reaction,  it  gives  a  faint  response  wUh  Millon*8  lengent,  and  m  not  pre- 
cipitated  by  phosphotungslic  ncid;  ht-nce  on  this  nccount  it  leada  to  an  error  in  the 
PflI'OKU  ami  Uoiilano  melbod  for  e«limiiting  urea,  Its  barium  salt  is  soluble  in  water 
but  inaoluhle  in  alcohol,  and  serves  in  the  preparation  of  the  acid  from  the  urine.  This 
acid  b  cousidered  as  an  intermediate  oxidation  product  of  proteids,  and  is  similar  in 
certain  respects  to  Malv's  peroxyprotic  acid. 

Ptomaineg  and  knomutiri^s  or  poisonous  substauces  of  an  unknown  l;ind,  which  are 
often  dcscribetl  as  alltaloidal  substances,  occtir  in  normal  urine  fPot^CHET,  Bouchard. 
Aducoo,  and  others).  Under  pathoUigieal  conditions  tbe  quantity  of  tht'se  subatanc.. 
may  !>e  increased  <EtoucnAKD,  LKPiNEaud  Guexitn.  Viluers.  GitiFFiTMa,  Albu»  mnd] 
othersk  Within  the  last  few  years  the  poisonous  propertlis  of  urine  have  been  the  sub-* 
Jecl  of  more  thorough  investigation,  especially  by  Bouchard.  He  found  (hat  the  nighl I 
urine  is  lesa  poisonotia  than  the  day  urine,  and  that  tiie  poisonous  constitueuis  of  the 
day  and  night  urines  have  not  the  same  action.  In  order  to  be  able  to  compare  the 
toxic  power  of  the  urine  under  different  conditions,  Bouchaud  determines  the  urotoxic 
coEFFiciKNT,  whicb  is  the  weight  of  rabbil  in  kilos  tbat  is  killed  by  the  quantity  of 
urine  excreted  by  one  kilo  of  the  perst)n  experimented  upon  in  24  hours.* 

Baumann  and  v.  UdrAnszkv  have  shown  that  ptomaines  may  occur  in  the  urine 
under  pathological  conditions.  They  demonstrated  the  presence  of  tlie  two  ptomaines 
discovered  and  ir«t  isolated  by  Bri'eoer — putresnne,  C,li],N,  (tetrametliylendiamin), 
t,nd  tftdfiverin,  C»IIHNt  (pentameiliylendiamin) — in  the  urine  of  a  patient  suffering  from 
cyalinuna  and  catarrh  of  tbe  bladder.  Cadaverin  has  later  been  found  by  Stadthagen 
and  BitiKGKii  in  tbe  urine  in  two  coses  of  cystinuria, 

Brikoer.  v.  llDnANszKY  and  Baumann,  and  Stabthaoen  ■  have  shown  that  neither 
these  nor  otber  diamios  occur  under  phvsiological  conditions.  The  occurrence  in  nor- 
mal urine  of  any  "'urine  poiaon  "  is  denied  by  certain  investigators,  such  as  Stadtha- 
QE.n,  Bkck,  and  v,  d.  Beroh.*  Tlie  poisonous  action  of  tbe  urine,  according  lo  lbem» 
is  due  in  part  to  the  potassium  salts  and  in  part  to  the  sum  of  the  toxicity  o(  the  other 
normal  urinary  constituenis  (urta,  cieatinin,  etc.),  which  have  very  little  poisonous 
action  individuldl3^  The  same  experimenters  have  prefienied  very  forcible  objections  to 
Bouchard's  doctrine. 

Many  substances  have  been  observed  in  animal  urine  which  are  not  found  in  Iniman 
urine.  To  the-se  belong  tbe  above-described  kj/nurenit  acid,  uroeanic  arid,  also  found 
In  dog's  urine  antl  which  seems  to  st^md  in  some  relationship  lo  the  purin  ba-ses  ;  dnma- 
lurir  neid  and  danioli6  acid  {acrording  to  Schotten,*  probably  a  mixture  of  tienzoic  acid 
with  volatile  fatty  acids ^,  obtainetl  by  the  dlsLillation  of  cow's  urine  ;  and  lastly  lithnric 
atid,  found  In  tbe  urinary  concreinenta  id  certaiu  animals. 

III.  Inorganic  Couatitnents  of  Urine* 

Chlorides.  The  chlorine  occurring  in  urine  is  undoubtedly  combined 
with  the  bases  contained  in  tliis  excretion;  the  chief  part  is  combined*with 
sodium.  In  accordance  with  this,  the  qnantity  of  chlorine  in  the  urine  is 
generally  expresBed  as  NaCh 

*  Boridzynaki  and  Gotliieb.  Centralbl  f.  d,  med,  WisseDSCh..  1897,  No.  88;  TOpfe 
md.,  No.  41 ;  aoctta,  Arch.  f.  exp.  Path.  u.  Pbarm..  Bd.  40. 

*  A  complete  bibliography  on  ptonuiinea  and  leucomalnea  in  the  urine  is  found  ii» 
IIuppert-Neubaiier,  p.  403. 

'  Haumanu  and  Udransky.  Zeitschr,  f.  pbyaiol.  Cbem..  Bd.  18  ;  Stadthagen  and  Brie- 
ger,  Virchow's  Arch.,  Bd.  115. 

<  Stadthagen,  Zeitschr.  f.  klin.  Med.,  Bd*  15  ;  Beck,  PflQger'a  Arch.,  Bd.  71 ;  v.  d* 
Bergh.  Zeitach.  f.  klin.  Med..  Bd.  85. 

*  Zeilschr.  f.  physiol.  Chem,,  Bd.  7. 
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The  question  as  to  whether  a  part  of  the  chlorine  contained  in  theurinft 
exists  as  organic  combt nations,  as  congidered  by  Beblioz  and  Leplnois,  ii 
still  disputed.' 

The  q  nan  tit  J  of  chlorine  combinations  in  the  nrine  ia  sabject  to  con- 
siderable variation*  In  general  the  quantity  for  a  healthy  adnlt  on  a  niiied 
diet  is  10-15  grms.  XaCi  per  24  hours.  T]ie  quantity  of  common  salt  in 
the  urine  depends  chiefly  npon  the  quantity  of  salt  in  the  food,  with  which 
the  elimination  of  chlorine  increases  and  decreases.  The  free  drinking  ol 
water  also  increases  the  elimination  of  chlorine,  which  is  greater  dnring 
activity  than  during  rest  (at  night).  Certain  organic  chlorine  combini- 
tions,  snch  as  chloroform,  may  increase  the  elimination  of  inorgmie 
chlorides  by  the  urine  (Zeller,  Kast*). 

In  diarrhoea,  in  quick  formation  of  large  transadations  and  exnd&tioiM, 
also  in  specially  marked  cases  of  acute  febrile  diseases  at  the  time  of  th( 
crisis,    the   elimination   of    common   salt    is    materially   decreased.     Tb< 
elimiuation  is  abnormally  increased  in  the  first  days  after  the  crisis  m^ 
during  the  absorption  of  extensive  exudutioiifl.     A  diminished  eliminfttioa. 
of  chlorine  is  footid  in  disturbed  absorption  in  the  stomach  and  intestine  ia 
anoamia,  where,  according  to  Moraczewski,*  a  chlorine  retention  in  the 
blood  takes  place,  and  in  acute  aod  chroilic  diseases  of  the  kidneys  accom* 
panied  with  albuminuria.     In  chronic  diseases  the  elimination  of  cbloriae 
in  general  keeps  pace  with  the  nutritive  condition  of  the  body  and  th 
activity  of  the  excretion  of  the  urine.     As  under  physiological  conditioM 
the  quantity  of  common  salt  taken  with  the  food  has  the  greatest  infinecce 
on  the  eliminution  of  NaCl  in  disease. 

The  qnantUniive  estimation  of  chlorine  in  urine  is  most  simply  pr- 
formed  by  titration  with  silver-nitrate  solution.  The  nrine  ma*t  not 
contain  either  proteid  (wliiclj  if  present  must  be  removed  by  coagulation) 
or  iodine  or  bromiue  compounds. 

In  the  pre^nre  of  bnmiides  or  iodides  evapornlc  a  mefisured  quuntlly  of  Iheurio* 
to  dryness,  fust?  ibe  residue  wrili  KiiUp<?tre  ami  sndit,  dissolve  the  fused  mass  in  wftt**- 
find  remove  ihe  iodine  or  lironiine  by  the  adtiifion  of  dilute  sulphuric  acid  aod  ao^* 
nitrite,  MB d  thoroudily  shuiit:  with  carlwu  disulphi<(e.     The  liquid  thus  obtained  tf**^. 
now  bf?  tiiniied  with  tillver  niirate  accordiug  to  Volhaud's  mtah*nl.     The  quAOtil^f^ 
bromide  or  iodide  is  rnlciilnted  as  the  difference  helwem  the  quantity  of  silvcr-niir^Jj 
solution  used  fortlie  titnitioti  of  the  Bohition  of  the  fused  luass  and  the  quanlity  u^^ 
for  the  corresponding  volume  of  the  origiual  nriue.  _ 

The  otherwise  excellent  titration  method  of  Motir,  according  to  whi-^ 
we  titrate  with  silver  nitrate  in  neutral  liquids,  using  neutral  potaesiag^ 
chromate  as  an  indicator,  cannot  be  need  directl}^  on  the  nrine  in  caref^ 
work.  Origan ic  urinury  cotistitnenta  are  also  precipitated  by  the  silver  aa^' 
and  the  results  are  tlierefore  somewhat  high  for  the  chlorine.    If  we  wish 

*  Beflloz  and  Leplnoia,  see  Chem.  Centralhl,  1B»4  ;  Bd.  1,  and  18®5.  Bd.  1;  fti"^ 
Petit  and  Terrat,  ibid.,  1894,  Bd.  2,  and  Vital!,  tlml,  1897.  Bd.  2, 

«  Zelkr.  Zeitachr.  f.  physiol.  Chem.,  Bd,  9  ;  Kast.  xbid,,  Bd.  11, 

•  Virchow's  Arch..  Bdd,  139  and  146. 
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use  this  method,  tbo  organic  urinary  consfcitaents  muet  first  be  destroyed. 
For  thia  purpose  evaporate  to  dryness  5-10  c,c*  of  the  urine,  after  the 
addition  of  1  grm.  of  chlorine-free  soda  and  1-2  grms.  chlorine-free  salt- 
petre, nnd  carefnllv  fose.  The  mass  is  dissolved  in  water,  acidified  faiotly 
with  nitric  acid,  and  then  neutralized  exactly  with  pure  lime  carbonate. 
Thia  neutral  Bolotion  is  used  for  the  titration. 

N 
The  siker-nitrate  solution  may  be  a  ^  solution.     It  is  often  made  of 

such  a  strength  that  each  c.c,  corresponds  to  O.UUG  grm.  CI  or  0.01  grm, 
NaCl.  This  last-mentioned  solution  contains  29.075  grms.  AgNO,  in 
1  litre, 

Freltnd  and  Toepfkr,  as  well  as  Budtker,»  have  Buggested  modifica* 
tions  of  Mohh's  method. 

Volhaed's  Method.  Instead  of  the  preceding  determination,  Vol- 
hard's  method,  whicli  can  be  performed  directly  on  the  urine,  may  be 
employed.  The  principle  is  as  follows;  All  the  chlorine  from  the  urine 
acidified  with  nitric  acid  is  precipitated  by  an  excess  of  silver  nitrate, 
filtered,  and  in  a  measured  part  of  the  filtrate  the  quantity  of  silver  added 
in  excess  is  determined  by  means  of  a  snlphoc^anide  solution.  This  excess 
of  flil^^er  is  completely  precipitated  by  the  sulphocyanide,  and  a  solution  of 
some  ferric  salt,  which,  as  is  well  known,  gives  a  blood -red  reaction  with 
the  smallest  quantity  of  sulphocyanide,  is  used  as  an  indicator* 

We  rer]uire  the  following  BoUi|ions  for  this  titration:  1,  A  silTer-nifcrate 
solution  which  contaius  2ri.u75  grras.  AgNO,  per  litre  and  of  which  each 
c*c.  corresponds  to  0.01  grm.  NaCl  or  0.00*307  grm.  CI;  "I.  A  saturated 
solntion  at  the  ordinary  temperature  of  chlorine-free  iron  alun»  or  ferric 
sulphate;  3.  Chlorine-free  nitric  acid  of  a  specific  gravity  of  1.2;  4.  A 
potassinm-Hulphocyanide  solution  which  contains  8.3  gnua.  KCNS  per  litre, 
and  of  which  2  c.c.  corresponds  to  1  c.c,  of  the  silver-nitrate  solntion. 

About  9  grma,  of  potassium  sulphocyanide  are  dissolved  m  water  and  diluted  ic» 
one  litre.  Tbe  quirnlity  of  KCNS  contained  in  this  solution  b  delerniined  by  the  silver- 
nitrate  solution  in  ibe  following  way  :  Measure  exactly  10  c.  c.  of  ibe  silver  sohition  and 
treat  with  5  c.  e.  of  nitric  ntid  and  1-2  c.  c.  of  the  ferric-salt  solutloUp  and  dilule  with 
water  to  about  lOQ  c,  c.  Now  the  Milpbocyanide  solution  is  added  frr^m  a  burette,  con- 
fitantty  stirriDg,  tmtit  a  pernmuent  faint  red  coloration  of  the  liquid  takes  place.  The 
quantity  of  sulphocyanide  found  in  the  solution  by  this  means  indicates  how  much  it 
must  be  diluted  to  he  of  the  proi>er  strength.  Titrate  once  more  with  10  c.  c.  AgNOi 
solution  and  correct  the  aulpbocyanide  solution  by  the  careful  addition  of  water  until 
20  c,  c.  exactly  corresponds  to  10  c.  c.  of  tbe  silver  solution. 

The  determination  of  the  chlorine  in  the  urine  m  performed  by  thia 
method  in  the  following  way:  Exactly  10  c.c.  of  the  urine  is  placed  in  a 
flaek  which  has  a  mark  correspondiiig  to  100  c.c. ;  5  c.c.  nitric  acid  is 
added;  dilnte  with  about  50  c.c.  water,  and  then  allow  exactly  20  c,c.  of 
the  silver-nitrate  sohition  to  flow  in.  Close  the  flask  with  the  thumb  and 
shake  well,  slide  oJf  the  thumb  and  wash  it  with  distilled  water  into  tlie 
flask,  and  All  the  fliisk  to  the  lOO-c.c.  mark  with  diatilled  water.  Close 
again  with  the  thamb,  carefully  mix  by  shaking,  and  filter  through  a  dry 
filter.  Measure  off  50  c.c.  of  the  filtrate  by  means  of  a  dry  pipette,  add 
3  c.c.  ferriC'Salt  solution,  and  allow  the  sulphocyanide  solntion  to  flow  in 


'  Fretind  and  Toepfer,  see  M&ly'a  Jabresber.,  Bd.  22  ;  BSdtker,  Zeitechr.  f,  physioL 
Chem.,  Bd.  20. 
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until  the  liquid  above  the  precipitate  has  a  permanent  red  color,  *! 
eolation  is  very  eimple*  For  example,  if  4.6  c.c.  of  the  snlphocjanide 
BolDtion  was  necessary  to  produce  the  fiaal  reaction,  then  for  100  i.c,  of 
the  filtrate  {—  10  c.c.  urine)  9.2  c.c.  of  this  solution  is  neceesuf. 
0.2  c.c.  of  the  sulphocyanide  solution  corresponds  to  4.B  c.c.  of  thesiher 
solution,  and  since  20  —  4,0  ^  15,4  c.c.  of  the  silver  solution  was  uefee- 
sary  to  completely  precipitate  the  chlorides  in  10  c.c.  of  the  urine,  then 
10  c.c.  contains  0.154  grm.  NaCl.  The  quantity  of  sodium  chloride  in  the 
urine  is  therefore  1.545^  or  15.4  Yoo-  If  we  always  use  10  c.c-  for  the 
determination,  antl  always  20  c,c.  AgNU,,  and  dilute  with  water  to  100 
c.c,  we  find  the  quantity  of  NaCl  in  1000  parts  of  the  nriue  hy  subtractinf 
the  number  of  c.c.  of  sulphocyanide  (K)  required  with  50  c.c.  of  the  filtrate 
from  20.     The  qnantity  of  NaCl  p.  m.  is  therefore  under  these  circnni' 

stances  ^  20  —  K,  and  the  percentage  of  NaCl  =  ^    -- — . 

The  approiimate  estimation  of  chlorine  in  the  nrine  (which  roust  be 
free  from  proteid)  is  made  by  strongly  acidifying  with  nitric  acid  and  then 
adding  to  it,  drop  by  drop,  a  concentrated  silver-nitrate  solution  (1  :  b). 
In  a  normal  quantity  of  chlorides  the  drop  sinks  to  the  bottom  as  a  rather 
compact  cheesy  lump*  In  diminished  quantities  of  chlorides  the  precipitate 
is  less  compifcct  and  coherent,  and  in  the  presence  of  very  little  chlorijie  s 
fine  white  precipitate  or  only  a  cloudineaa  or  opalescence  is  obtained. 

Phosphates.  Phosphoric  acid  occurs  ifi  acid  urines  partly  as  donble-acid, 
JOiJ'O^,  and  partly  as  simple-jKjid,  M,1IP0, ,  phosphates,  both  of  vbich 
may  he  found  in  acid  urines  at  the  same  time.  On '  found  that  on  an 
average  60;^  of  the  total  phosphoric  acid  was  double-  and  40 jt  was  simple- 
acid  phosphate.  The  total  quantity  of  phosphoric  acid  is  very  variable  ind 
depends  on  the  kind  and  the  quantity  of  food.  The  average  quantity  of 
P,0,  is  in  round  numbers  3.5  grms.,  with  a  variation  of  1-5  grms.,  pfir 
day.  A  small  part  of  the  phosphoric  acid  of  the  urine  originates  fro© 
the  burning  of  organic  compounds,  nnclein,  protagon,  and  lecithin,  within 
the  organism;  on  exclusive  feeding  with  substances  rich  in  nuclein  or 
pseudonuclein  the  quantity  of  phosphates  is  essentially  increased.'  The 
greater  part  originates  from  the  phosphates  of  the  food,  and  the  quantity  o^ 
eliminated  phosphoric  acid  is  greater  when  the  food  is  rich  in  alkali  pho*^ 
phates  in  proportion  to  the  quantity  of  lime  and  magnesia  phosphates.  If 
the  food  contains  much  lime  and  magnesia,  large  quantities  of  earthy  phoe^ 
phates  are  eliminated  by  the  excrement;  and  even  though  the  food  contiiM 
considerable  amounts  of  phosphoric  acid  in  these  cases,  the  quantity  of  j 
phosphoric  acid  in  the  urine  is  small.  Such  a  condition  is  found  iftj 
herbivora^  whose  nrine  is  habitually  poor  in  phosphates.  The  extent  of  tli<>  I 
elimination  of  phosphoric  acid  by  the  urine  depends  not  only  upon  the  total  • 

»  Zcitscbr.  f.  physiol  Cliem..  Bd  10. 

*  See  A.  Guitilicb,  Ztntschr  f.  physiol.  Cbem.,  Bd.  18;  Roos.  %tnd.,  Bd.  21;  Weu> 
traud,  Dii  Bois-ltoymond's  Arch.,  18(16  ;  Milroy  and  Malcolm,  Jouni.  of  Phyalol.,  Voi  J 
23;  HOhiuium  aud  Steitiitz,  PflUger's  Arcb.,  Bd.  72* 
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antity  of  phosphoric  acid  in  the  food,  bnt  al&o  upon  the  relative  amonnta 
alkaline  earths  and  the  alkali  Baits  in  the  food.  According  to  Pheysz, 
SAVSZKY,  Kluo,  and  L  Mfnk  *  the  elimination  of  phoaphoric  acid  is 
msiderahly  iricreased  by  intense  muBcnlar  work. 
Ab  the  extent  of  the  elimination  of  phosphoric  acid  is  mostly  dependent 
ftbon  the  character  of  the  food  and  the  absorption  of  the  phoephates  in  the 
Kieatine^  it  ia  apparent  that  the  relationship  between  the  nitrogen  and 
Be  phoephoric  acid  in  the  tirine  can  only  be  approximately  constant  with 
■certain  uniform  food.  Tlios  on  feeding  with  an  exchisively  meat  iliet^  as 
Swerved  by  Voir*  in  dogs»  when  the  nitrogen  and  phofiphoric  acid  (PjOJ 
of  the  food  exactly  reappeared  in  the  urine  and  hvces  the  relationahip  was 
^1  :  1.  In  starvation  this  relationship  is  changed^  namely,  relatively  more 
^osphoricacid  is  eliminated,  which  seems  to  indicate  that  besides  flesh  and 
related  tissues  another  tissue  rich  in  phosphorus  is  largely  destroyed.  Th© 
irvation  experiments  show  that  tliis  is  the  bone-tissue. 

Little  is  known  positively  in  regard  to  the  elimination  of  phosphoric 
id  in  disease.  As  shown  by  several  observers,  in  febrile  diseases  the 
antity  of  phosphoric  acid  as  compared  with  the  nitrogen  is  considerably 
kcreased,  which  is  perhaps  due  to  a  retention  of  the  phosphates  in  fevers.* 
.  diseases  of  the  kidneys  the  activity  of  these  organs  in  eliminating  the 
losphates  maybe  considerably  diminished  (Fleischer*).  The  quantity 
phosphoric  acid  eliminated  is  increased  in  meningitis,  diabetes  mellitua, 
increased  destrnction  of  tissnes  rich  in  nnclein,  also  in  ticnte  phosphorus- 
isoning  and  in  phosphate  diainies.  The  statements  in  regard  to  the 
lantity  of  phosphate  in  the  nrine  in  rachitis  and  in  osteomalacia  are  some- 
iiat  contradictory. 

Quantitative  Esiinmtion  of  the  Total  Phosphoric  Acid  in  the  Urine.   This 

timation  is  most  simply  performed  by  titrating  with  a  aolution  of  iiraninm 

acetate.     The  principle  of  the  titration  is  as  follow^s:  A  warm  solution  of 

phosphates  containing  free  acetic  acid  gives  a  whitish-yellow  precipitate  of 

nraninni  phosphate  with  a  solution  of  a  nranium  salt.     This  precipitate  is 

iasoloble  in  acetic  acid,  bat  dissolves  in  mineral  acids,  and  on  this  acconnt 

there  is  always  added,  in  titrating,  a  certain  f|nantity  of  sodicm-acetate  solu- 

Kdh.     Potassium  ferrocyanide  Is  used  as  the  indicator,  which  does  not  act  on 

^e  nraninm-phosphate  precipitate,  but  gives  a  reddish-brown  precipitate  or 

coloration  in  the  presence  of  the  smallest  amount  of  soluble  uranium  salt. 

the  solutions  necessary  for  the  titration  are:  1.   A  solntion  of  a  uranium 

t  of  which  each  c.c.  corresponds  to  0.005  grm.  P,0^  and  which  contains 

,3  gnns.  uranium  oxide  per  litre.     20  c.c.  of  this  solntion  corresponds  to 

'  PreyBZ,  see  Maly's  .Tabre9b€r.,  IM.  21  ;  Olsavazky  ami  Klug,  Piltlger'a  Arch.,  Bd. 

Mtiiik,  Du  Bois-Reymond's  Arch.,  1895. 

PbysiolDgie  dcs  allgemciueu  StuflwechBela  uod  der  Erottliruag  in  L.  HtnnanD*B 
udbuch.  Bd.  6.  Tbl.  1.  S.  70. 

•  See  Rem-Picci  and  Bf-rtmsconi,  Maly'a  JaUreaber.,  Bd.  24,  S.  674. 
^Deutscb.  Arch.  f.  klin.  Med..  Bd.  29. 
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0.100  grni*  P,0^.     '2.  A  solation  of  Bodiam  acetate,    3,  A  freshly  pwpiPBd  j 
Bolntion  of  pDtaBsium  ferro€\^anide. 

The  uranium  Bolution  is  prepared  from  urftDintn  Ditrate  or  acetate.     Dissolve  about  ] 
S5  grma.  iifariiuin  acetate  in  water,  add  some  aceHc  acid  to  facilitate  solulioD.  anddilali 
to  one  litre      The  slreuglh  of  tbia  sohitltm  is  determiiied  liy  titrating  with  a  sohitiofi  i 
gocliuiii  pliospbnteof  ktiowu  strength  (10.085  grms.  crystallized  salt  in  1  litre,  wlikhtor^ 
restioiidB  in  0.100  grm.  PjO*  iu  50  c.  c).     Proceed  in  the  same  way  as  in  the  tilT^tlon  of 
the  urhie  (see  below),  and  correct  the  solution  by  diluting  with  water*  and  titmieapin 
until  SO  c.  c,  of  the  uranium  solution  correaponds  exactly  to  50  c,  c.  of  the  abe?e  paofr^ 
phate  solution. 

The  sodium-aeetnle  solution  should  contain  10  grros.  sodium  acetate  and  10  gnm. 
cone,  acrtjc  acid  in  100  c.  c.  For  each  litrallon  5  c.  c  of  this  solution  is  used  with  60 
c.  c.  of  the  urine. 


Ill  performing  the  titration,  mix  50  c.c.  of  filtered  urine  in  a  heflker 
with  5  c.c.  of  the  sodium  acetate,  cover  the  beaker  with  a  watch-glass*  and! 
warm  over  the  water-bath.     Then  allow  the  iiraniam  eoliition  to  flow  in 
from  a  burette,  and,  when  the  precipitate  does  not  seem  to  increase,  plact 
a  drop  of  the  mixture  on  a  porcelain  plate  with  a  drop  of  the  potassium* ' 
ferrocyanide  solotion.     If  the  amount  of  uranium  eolntion  eru ployed  ianot  j 
sufficient,  the  color  remains  pale  yellow  and  more  uratiinm  solution  most  be  f 
added '^  bat  aa  Boon  as  the  slightest  excess  of  nranium  solution  has  been 
used  the  color  becomes  faint  reddish  brown.     When  this  poiot  has  bwu 
obtained,   warm  the  solution  again  and  add  another  drop.     If  the  color 
remains  of  the  same  intensity,  the  titration  is  ended;  bnt  if  the  color  varies, 
add  more  nranitini  Rolution,  drop  by  drop*  nntil  a  permanent  coloratioais 
obtained  after  warming,  and  now  repeat  the  test  with  another  oO  c.c.  of  tb« 
nrine.     The   calculation   is   so   Biniple  that  it  is  nnneceaeary  to  give  w 
example. 

In  the  above  manner  we  determine  the  total  quantity  of  phofiphoncadd 
in  the  nrine.     If  we  wish  to  know  the  phosphoric  acid  combined  with 
alkaline  earths  or  with  alkalies,  we  first  determine  the  total  phosphoric  acid 
in  a  portion  of  the  urine  and  then  remove  the  earthy  phosphates  in  another 
portion   by  ammonia.     The  precipitate  is  collected  on  a   filter,  washed, 
transferred  in  a  beaker  with  water,  treated  with  acetic  acid,  and  dissolve*! 
by  warrning.     This  Bolution  is  now  dilnted  to  50  c.c.  with  water,  and  5  c.c. 
sodium-acetate  solution  added,  and  titrated  with  nraniom  eolation,    Tb* 
difference  between  tlie  two  determinations  gives  the  quantity  of  phosphoric 
acid    combined   with   the   alkalies.     The   results   obtained  are   not  qtii^ 
accnrate,  as  a  partial  transformation  of  the  monophosphates  of  the  alk&l^^ 
earths  and  also  calcium  diphosphate  into  triphosphates  of  the  alkaline  eart^^J 
and   ammonium   phosphate   takes  place  on   precipitating  with  ammon-^^ 
which  gives  too  liigh  results  for  the  phosphoric  acid  combined  with  alkt^^^ 
remaining  in  solntion. 

Determmation  of  Acidity  of  the    Urine,     As  previously  remarked,      —. 
consider  the  quantity  of  phosphoric  acid  as  double-acid  salts  as  a  meas  5: 
of  the  degree  of  acidity  of  the  urine.     This  may  be  determined  by  titrat  ^^^ 
with  uranium  solntion  in  the  filtrate  after  the  precipitation  of  the  mo 
acid  salts  by  barinm  chloride.     If  the  total  phosphoric  acid  has  been  def 
mined  in  another  portion  of  the  nrine  by  titration,  the  qnantity  of  ph 
phoric  acid  as  mono-acid  phosphates  is  found  in  the  difference  between  th-  * 
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two  resnlts.     The  determination  is  performed,  according  to  Fbednd  and 
LiEBLEiN,*  as  follows: 

The  total  phosphoric  acid  is  tirst  tie  term  ined  in  the  urine.  Then 
75  c.c,  of  the  urine  is  treated  with  enough  normal  barinm-chloride  eola- 
tion (123  grm.  BaCl,, '211,^0  in  1000  c,c,  water)  to  make  tlie  volnme  measura 
90  c.c.  This  is  shaken,  filtered  until  a  clear  filtrate  is  obuined  when  00  c.c. 
(=50  c.c,  of  the  urine)  is  measured  off  and  the  phoephoric  acid  deter- 
mined by  nraninm  solution.  The  results  are  not  quite  exact,  as  in  the 
precipitation  of  the  urine  with  BaCl,^  about  3,*^  of  tiie  phosphoric  acid  of  the 
mono-jicid  salts  remain  in  solution  as  di-acid  salts^  and  hence  a  correspond- 
ing correction  nniBt  be  made.  As  one  third  of  the  phosphoric  acid  of  the 
di-acid  phosphate  is  united  with  Oxed  bases,  Lieulein  is  of  the  opinion 
that  in  calculating  the  acidity  of  a  urine  only  two  thirds  of  this  phosphoric 
acid  13  to  be  ascribed  thereto.  Other  methods  have  been  suggested  by 
Fbeund  and  Toepfer  and  t.  Jager, 

Sulphatei.  The  snlphurie  acid  of  the  tirine  originates  ouly  to  a  Tery 
small  extent  from  the  sulphates  of  the  food,  A  disproportionately  greater 
part  is  formed  by  the  burning  of  the  proteids  containing  aulpliur  within 
the  body,  and  it  is  chiefly  this  formation  of  snlphurie  acid  from  the  proteida 
which  gires  rise  to  the  previously  mentioned  excess  of  acids  over  the  baMS 
in  the  urine.  The  quantity  of  sulphuric  acid  eliminated  by  the  urine 
amounts  to  about  2.5  grme.  H,SO^  per  day,  Aa  the  aulphuric  acid 
chiefly  originates  from  the  proteids,  it  follows  that  the  elimination  of  sul- 
phuric acid  and  the  elimination  of  nitrogen  are  nearly  parallel,  and  the 
relationship  X  ;  H,SO^  is  about  5:1,  A  complete  parallelism  can  hardly 
bo  expected,  as  in  the  first  place  a  part  of  the  sulphur  is  always  eliminated 
as  neutral  sulphur,  and  secondly  because  the  small  proportion  of  sulphur  in 
different  protein  bodies  undergoes  greater  variation  as  compared  with  the 
large  proportion  of  nitrogen  contained  therein.  In  general  the  relationship 
between  the  elimination  of  nitrogen  and  sulphuric  acid  under  normal  and 
under  diseased  conditions  runs  rather  parallel.  Sulphuric  acid  occurs  in  the 
urine  partly  preformed  (aulphate-sulphuric  acid)  and  partly  as  ethereal* 
sulphuric  acid.  The  first  is  designated  as  A-  and  the  other  as  ^-sulphuric 
acid. 

The  quanliiy  of  total  sulphuric  acid  is  determined  in  the  following  way» 
but  at  the  same  time  the  precautions  described  in  other  works  mnst  be 
observed;  100  c.c.  of  filtered  urine  is  treated  with  5  c.c,  concentrated 
hydrochloric  acid  and  boiled  for  fifteen  minutes.  While  boiling  precipitate 
with  2  c.c.  of  a  saturated  BaCl,  solution,  and  warm  for  a  little  while  until 
the  barium  sulphate  has  completely  settled,  Tlie  precipitate  mnst  then  be 
washed  with  water  and  also  with  alcohol  and  ether  (to  remove  resinous 
substances),  and  then  treated  according  to  the  nsmd  method. 

The  sepanite  determination  of  the  sulphate-sulphuric  acid  and  the 
ethereal -sulphuric  acid  may  be  accomplislied,  according  to  Baltmanx*8 

»  Preund,  CeoiralbL  f.  d,  int-d,  WiHSLUach..  1893,  S.  680;  Lfebleiii.  ZeiUchr.  f. 
pihysiol.  Cheiu.,  Bd.  20;  Freand  and  Toepfer,  ibid.,  Bd,  19  ;  de  Jager,  ibid.,  Bd.  24. 
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ammonia  of  the  nrine,  as  above  stated,  is  not  represented  by  the  residue 
which  has  eluded  synthesis  into  nrea  by  neatralization  by  acids,  because,  aa 
shown  by  Stadelmann  and  liECKiiANK,^  ammonia  is  eliminated  by  the 
nrine  even  daring  the  coutimions  administration  of  fixed  alkalies. 

Ammonia  exists  on  an  average  of  about  0.06  milligramme  in  100  c,c. 
humao  blood,  and  in  diJferent  amounts  in  aM  the  tiasnes  thus  far  investi- 
gated.' According  to  Nekcki  and  Zaleski'  it  is  abundantly  formed 
in  the  cells  of  the  digestive  glands,  the  stomach,  the  pancreas,  and  the 
intestinal  mucosa  (of  dogs)  at  the  time  when  proteid  foods  are  being  digested 
and  transported  to  the  liver.  As  the  ammonia  introdoced  in  the  liver 
is  transformed  into  urea  (see  above),  we  can  therefore  expect  that  in 
certain  diseases  of  the  liver  an  increased  elimination  of  ammonia  and  a 
decreased  eliuiinatioii  of  nrea  will  occur.  In  how  far  this  is  trae  has 
already  been  stated  (page  415),  and  we  refer  to  the  researches  of  the  variooa 
authors  there  cited. 

In  man  and  carnivora  the  elimination  of  ammonia  is  increased  by  the 
introduction  of  mineral  acids  and,  as  shown  by  Jolin,  alao  by  such  organic 
acids  as  benzoic  acid,  which  are  not  destroyed  in  the  body,  act  in  a  similar 
manner.  The  ammonia  set  free  in  the  proteid  destruction  is  in  part  used 
in  the  neutralization  of  the  acids  introduced,  and  in  this  way  a  destructive 
abstraction  of  fixed  alkalies  is  prevented.  Ilerbivora,  on  the  contrary,  lack 
this  property  or  have  it  only  to  a  slight  extent  (WiNTBfiBERG*).  In  them 
the  acids  iotrodoced  are  neutralized  by  fixed  alkalies;  hence  the  introduc- 
tion of  mineral  acids  soon  causes  a  destructive  action  on  account  of  the 
abstraction  of  alkalies. 

Acids  formed  in  the  destruction  of  proteids  in  the  body  act  like  those 
introduced  from  without  on  the  elimination  of  ammonia.  For  this  reason 
the  quantity  of  ammonia  in  human  and  carnivoral  urine  is  increased  nnder 
such  conditions  and  in  such  diseases  where  an  increased  formation  of  acid 
takes  place  because  of  an  increased  metabolism  of  proteids.  This  is  the  case 
with  lack  of  oxygen  in  fevers  and  diabetes.  In  the  lafit*mentioned  disease 
organic  acids,  /^-oxybutyric  acid,  and  aceto-acetic  acid,  are  produced  which 
pass  into  the  nrine  combined  with  ammonia.' 


^  Oorandft,  Arcb.  f.  exp.  Path.  u.  Phftrm,,  Bd.  13;  Stadelmann  (and  Beckmann), 
"Eiafluw  der  Alkalien  &uf  dea  StoffwecbscI/'  etc.     Stuttgart.  1890. 

*  8ee  SalaskiD,  Zeitschr.  t  physioL  Ch<sm.,  Bd.  25,  S.  449. 

*  Arch,  des  science  biol  de  St.  P<3ier9bourg,  Tome  4.  and  Salaskhi,  1,  c.  See  also 
Nencki  and  Zaleskl,  Arch.  f.  exp.  Path.  u.  Pharm,.  Bd.  87. 

*  JoUa,  Skand.  Arch.  f.  Physiol..  Bd.  1  ;  Witiler^ierg.  Zeitschr.  f.  physiol.  Cbcm.. 
Bd.  25.  In  regard  to  the  behavior  of  ammonium  salts  in  tlie  aolmal  body  see  Rumpf 
and  Eleiue,  Zeitschr.  f.  Biologie,  B<1.  34,  and  the  works  cited  oti  page  412. 

*  On  the  elimination  of  ammonia  in  disease  see  the  recent  works  of  Rumpf,  Vircbow's 
Arch.,  Bd.  148:  HaUervorden,  ibid. 
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The  detection  and  quantitative  estimation  of  ammonia  is  performed 

generaU;  according  to  the  method  sngg^ted  by  Schlostng.    The  principle 

of  thia  method  ie  that  the  ammonia  from  a  measured  am o ant  of  nrine  is  set 

free  by  lime-water  in  a  closed  ressel  and  absorbed  by  a  measured  amonnt  of 

N 

— -  sniphnric  acid.     After  the  absorption  of  the  ammonia  the  quantity  is 

X 
determined  by  titrating  the  remaining  free  sulphuric  acid  with  a  —  caustic 

alkali  solation.  This  method  giwe^  low  results,  and  in  exact  work  we  must 
proceed  as  suggested  by  Bohlaxd.  *  Other  methods  ha?e  been  suggested  by 
ScHMiEDEBEBo  and  by  Latschexbebger/ 

Calcium  and  magnesium  occur  in  the  urine  for  the  most  part  as  phos- 
phates. The  quantity  of  earthy  phosphates  eliminated  daily  is  somewhat 
more  than  1  gr.,  and  of  this  amount  |  is  magnesium  and  J  calcium  phos- 
phate. In  acid  urines  the  simple-  as  well  as  the  double-acid  earthy 
phosphates  are  found,  and  the  solubility  of  the  first,  among  which  the 
calcium  salt  CallPO^  is  especially  insoluble,  is  particularly  augmented  by 
the  presence  of  doable-acid  alkali  phosphate  and  sodiam  chloride  in  the 
urine  (Ott')*  The  qnantity  of  alkaline  earths  in  the  urine  depends  on  the 
composition  of  the  food.  The  absorbed  lime  salts  are  in  great  part  precipi- 
tated again  in  the  intestine,  and  the  qnantity  of  lime  salts  in  the  urine  is 
therefore  no  measure  of  the  absorption  of  the  same.  The  introduction  of 
readily  soluble  lime  salts  or  the  addition  of  hydrochloric  acid  to  the  food 
may  therefore  caase  an  increase  in  the  qtianttty  of  lime  in  the  urine,  while 
the  reverse  takes  place  on  adding  alkali  phosphate  to  the  food.  Nothing  is 
known  with  positiveness  in  regard  to  the  constant  and  regular  change  in 
the  elimination  of  calcium  and  magnesium  salts  in  disease.  The  increased 
elimination  observed  in  diabetes  is  chiefly  dependent  upon  an  increased 
consumption  of  food  and  liquids  (Tenbaum  *). 

The  qnantity  of  calcinm  and  magnesium  is  determined  according  to  the 

ordinary  well-known  methods. 

Iron  occurs  io  the  urine  only  in  small  quantUiea,  and,  as  il  seems  from  Ihe  investiga- 
tions of  KcNKEL,  OiACQijA,  KoBERT  nnd  Ilia  pupils,  it  does  not  exi^t  as  a  salt,  Imt  ns  an 
organic  combination — in  part  as  pigment  or  cliromoj^eu.  The  statements  in  regard  to 
the  iron  preaenl  seem  to  show  thai  the  quantity  is  vtry  variable,  from  1  lo  11  milli- 
grammes per  liire  of  uriue  (Maomer.  (jottlieb.  Kobkut  nnd  his  pupils).  Joules* 
found  on  an  average  for  12  persons  8  miliigrfimmea  iron  in  24  hours.     The  quantity  of 


»  Pflll^er'8  Arch..  Bd.  43,  8.  82. 

*  Scbmiedeberg,  Arch,  f,  exp.  Path,  u*  Pharm.,  Bd>  7 ;  Latschenberger,  Monala* 
hefte  f.  Chem..  Bd.  5. 

»  Zeilschr.  f.  physloL  Chem..  Bd.  10. 

*  Zeilftchr.  f.  Biologic,  Bd.  33. 

*  Kunkel,  cited  from  Maty'ft  Jahresber,,  Bd.  11;  Qlacosa,  H/id.,  Bd,  16;  Eobeit. 
Arhelton  dea  pharm.  Inslit.  zu  l>orpat.  Bd,  7;  Magnier,  Ber.  d.  deutsch.  chem. 
GcselUrh,,  Bd.  7:  Gottlieb.  Arch,  t  exp.  Path,  lu  Pharm.,  Bd.  26;  Jollea,  Zeilachr.  f* 
anal  Chem..  Bd.  36. 
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fiUck'  arid  is  ordiuarily  stilled  to  amoutil  to  about  0,03  p.  m.     Traces  of  ft^draffin  pet' 
&xid^  also  occur  in  tlie  urine. 

The  gases  of  the  urine  are  carbon  dioxitle,  nitrogen,  and  traces  of 
oxygen.  The  quantity  of  nitrogen  is  not  quite  1  vol.  per  cent.  The 
carbon  dioxide  varies  considerably.  In  acid  urines  it  is  hardly  one  half  &a 
great  as  in  neutral  or  alkaline  urines. 

IV.  The  Quantity  and  Quantitative  Conii>o$<]tion  of 

Urine. 

A  direct  participation  of  the  kidney  substance  in  the  formation  of  the 
urinary  constituents  is  proved  at  least  for  one  couatituent  of  the  urine, 
namely  J  hippnric  acid.  It  is  hardly  to  be  doubted  that  the  kidneys  as  well 
as  the  tissues  generally  have  a  certain  part  to  play  in  the  formation  of  other 
urinary  constituents,  but  their  chief  task  consists  in  separating  and  remov- 
ing urinary  constitaents  dissolved  in  the  blood  which  have  been  taken  up 
by  it  from  other  organs  and  tissues. 

It  has  been  shown  by  the  experiments  of  numerous  investigators  that 
the  elimination  of  water  and  the  remaining  urinary  constituents  is  not 
alone  produced  by  simple  diffusion  and  filtration.'  It  is  generally  conceded 
that  the  nrinavy  excretion  is  caused  essentially  by  a  specific  activity  of 
the  cells  of  the  epithelium  of  the  urinary  passages,  the  processes  of  fil- 
tration and  diffusion  also  taking  part.  The  excretion  of  urine  in  man  and 
the  higher  animals  is  thought  to  proceed  abotit  as  follows:  The  water 
together  with  a  small  amount  of  the  salts  passes  through  the  glomeruli, 
while  the  chief  part  of  the  solids  is  secreted  by  the  epithelium  of  the 
nrinary  passages.  A  secretion  of  solids  without  a  simultaneous  secretion 
of  water  is  not  possible,  and  therefore  a  part  of  the  water  must  be  secreted 
by  the  epithelium-cells  of  the  urinary  passages.  The  passage  of  the  greater 
part  of  the  water  through  the  glomeruli  is  rather  generaUy  considered  aa  a 
filtration  dne  to  blood -pressure.  According  to  Heidexhain  the  thin  cell- 
layers  of  the  glomeruli  have  a  secretory  action. 

The  qnantity  and  composition  oX  urine  are  liable  to  great  variation. 
The  circumstances  which  under  jihysiological  conditions  exercise  a  great 
influence  are  the  following:  the  blood-pressure,  and  the  rapidity  of  the 
blood-current  in  the  glomeruli;  the  qnantity  of  urinary  constitaents, 
especially  water  in  the  blood  j  and,  lastly,  the  condition  of  the  secretory 
glandular  elements.  Above  all,  the  quantity  and  concentration  of  the  urine 
depend  on  the  elimination  of  water.  That  this  last  may  vary  with  the 
qnantity  of  water  in  the  blood,  with  changed  blood -pressure,  and  with 
circulatory  conditions  is  evident;  but  under  ordinary  circumstances  the 
qnantity  of  water  eliminated  by  the  kidneys  depends  essentially  upon  the 

'  6e«  text 'books  of  physiology  on  this  topic. 
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quantity  of  water  which  Ib  brooght  to  them  by  the  blood,  or  which  learn 
the  body  by  other  exits.  The  elimiuatiou  of  arine  is  increased  by  drinlriag 
freely,  or  by  redocing  the  quantity  of  water  otherwise  removed;  hot  it 
ia  decreased  by  a  diminiabed  introduction  of  water,  or  by  a  greater  I068  of 
water  in  other  ways.  Ordinarily  in  man  just  as  much  water  is  ellmioakl 
by  the  kidneys  as  by  the  skin^  lungs,  and  intestine  together.  At  lower  tem- 
peratures and  in  moist  air,  since  under  these  conditions  the  elimination  of 
water  by  the  skin  is  diminished,  the  elimiDation  of  urine  may  be  ccDBide^ 
ably  increased.  Diminished  introduction  of  water  or  increased  elimini- 
tion  of  water  by  other  means — as  in  violent  diarrhcea  or  vomiting,  or  in 
profuse  perspiration — greatly  diminiahes  the  elimination  of  urine.  For 
example,  the  urine  may  sink  as  low  as  500-400  c.c.  per  day  in  ioteose 
Bummer-heat,  while  after  copious  draughts  of  water  the  eliminatioD  of 
3000  c.c.  of  urine  has  been  observed  daring  the  same  time.  The  qujuititf 
of  urine  voided  in  the  course  of  24  hours  varies  considerably  from  day  to 
day,  the  average  being  ordinarily  calculated  as  1500  c.c.  for  healthy  adult 
men  and  1200  c.c.  for  women.  The  minimam  elimination  oocura  daricig 
the  early  morning,  between  %  and  4  o*clock;  the  maximum,  in  the  fint 
hours  after  waking  and  from  1-2  hours  after  a  meal. 

The  quantity  of  solids  excreted  per  day  is  nearly  constant  even 
though  the  quantity  of  urine  may  vary,  and  it  is  qaite  constant  when 
the  manner  of  living  ia  regular.  Therefore  the  percentage  of  solids  in 
the  urine  is  naturally  in  inverse  proportion  to  the  quantity  of  artDi* 
The  average  amount  of  solids  per  24  hours  ia  calculated  as  CO  ^b* 
The  quantity  may  be  calculated  with  approximate  accuracy  by  meani  of 
the  specific  gravity  if  the  second  and  third  decimals  of  the  specific  grsTitJ 
bo  multiplied  by  IIaseb's  coefficient,  2.33.  The  product  gives  tlit 
amount  of  solids  in  1000  c.c.  of  urine,  and  if  the  quantity  of  Driae 
eliminated  in  24  hoars  be  measured,  the  quantity  of  solids  in  24  hoan 
may  be  easily  calculated.  For  example,  1050  c.c.  of  urine  of  a  specific 
gravity    1,021    was  eliminated    in    24   hours;    therefore   the   quantity  ol 

48,9  X  1050        .,  ,,  ^, 


solids  eliminated  is  21  x  2,33  ^  48.9,   and 


1000 


The  urine  in  this  case  contained  48.9  p.  m*  soHds  and  51.35  grms.  intht 
daily  excretion. 

Those  bodies  which,  under  physiological  conditions,  affect  the  deosi^J 
of  tiie  urine  are  common  salt  and  urea.  The  specific  gravity  of  the  iirttii 
2.15,  and  the  last  only  1.32;  so  it  is  easy  to  understand,  when  the  relati^^ 
proportion  of  these  two  bodies  essentially  deviates  from  the  normal,  why 
the  above  calculation  from  the  specific  gravity  is  not  exact.  The  same  ^ 
the  case  when  a  urine  poor  in  a  normal  constituent  contains  large  amonnts 
of  foreign  bodies,  such  as  albumin  or  sugar. 

As  above  stated,  the  percentage  of  solids  in  the  urine  generally  decroiM 
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with  a  greater  elimiDation,  and  a  very  considerable  excretion  of  nrine 
{poij/uria)  has  therefore,  as  a  rule,  a  lower  specific  gravity.  An  important 
exception  to  this  rnle  is  observed  in  urine  containing  sngar  {diabttts 
melUtus)y  in  ^hich  there  is  a  copious  excretion  of  a  very  high  specific 
gravity  due  to  the  sugar.  In  cases  where  very  little  nrine  is  excreted 
{oliguria)y  e.g*,  daring  profuse  perspiration,  in  diarrhcBa,  and  in  fevera, 
the  specific  gravity  of  the  nrine  is  as  a  rule  very  high;  the  percentage  of 
solids  also  high  and  they  have  a  dark  color.  Sometimes,  as,  for  example,  in 
certain  cases  of  albaminuria,  the  nrine  may  have  a  low  Bpecific  gravity 
notwithstanding  the  olignria,  and  be  poor  in  solitls  witli  a  light  color. 

It  is  difficnlt  to  give  a  tabnlar  view  of  the  composition  of  urine,  on 
account  of  its  variation*  For  certain  piirpoaes  the  following  table  may  be 
of  some  valne^  bnt  it  mnst  not  be  overlooked  that  the  results  are  not  given 
for  lOOO  parts  of  nrine,  but  only  approximate  figures  for  the  qnantities  of 
the  most  important  constitnents  which  are  eliminated  in  the  conrse  of  24 
hoars  in  a  quantity  of  1500  c.c. 

Djiily  quantity  of  aoUds  —  60  grma. 


OrgiiDic  coiisUtuents  =  85  grms. 

Urea 80,0  grms. 

Uric  acui 0.7    ** 

Creaiiom 1*0     ** 

Hippuric  acid , 0.7    •' 

BemainiDg  organic  bodies. .    2.6    " 


Itnii'ganir  coustituentB  =  25  gnus. 

Sodium  chloride  (NaCl) 15.0  grma. 

Snlpimric  acid  (Hii^O** 2.5  ** 

P]it>s|>h(>i  ic  acid  (P,0,) 2.5  *' 

Porasb  iK,0) 3.8  *• 

Ammoiiin  (NHi). 0.7  " 

.Miignt.*<iia  (MgO) 0.5  •• 

Lime  (CiiO) *,,  0.3  " 

HeiiudtiitiL;  iunrgftoic  bodies,  0.2  ** 


TTrine  contains  on  an  average  40  p.  m.  solids.     The  qnantity  of  nrea  is 
about  20  p.  m,,  and  common  salt  about  10  p.  m. 


Y.  Casual  Urinary  CoiiHtitiieiitB. 

The  caanal  appearance  in  the  urine  of  medicines  or  of  nrinary  con- 
stitnents resulting  from  the  introduction  of  foreign  substances  into  tlie 
organism  is  of  practical  importance,  because  snch  constituents  may  interfere 
in  certain  nrinary  inTestigations,  and  also  becanse  they  afford  a  goo^l  means 
of  determining  whether  certain  substances  have  been  introduced  into  the 
organism  or  not.  From  this  point  of  view  a  few  of  these  bodies  will  be 
spoken  of  in  a  following  section  (on  the  pathological  urinary  constitnents). 
The  presence  of  these  foreign  bodies  in  the  urine  is  of  special  interest  in 
those  cases  in  which  they  serve  to  elucidate  the  chenucal  transformations 
certain  anbatanoes  undergo  within  the  body.  As  inorganic  substances 
generally  leave  the  body  unchanged,  they  are  of  very  little  interest  from 
this  standpoint,  but  the  changes  which  certain  organic  substances  undergo 
when  introduced  into  the  animal  body  may  be  studied  by  this  means  so  far 
as  these  transformBtions  are  shown  by  the  urine. 
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The  bodies  belonging  to  the  fatty  series  undei^go*  though  not  witiioot » 
exceptions,  a  combustion  leading  towards  the  fi.nal  prodncts  of  meta- 
bolism; still,  often  a  greater  or  snialter  part  of  the  body  in  question  e«capi€6 
oxidation  and  appears  unchanged  in  the  urine,  A  part  of  the  acids  beloug* 
ing  to  this  aeries  which  are  otlierwise  burnt  into  water  and  carbonates  and 
render  the  onne  neutral  or  alkaline  may  act  in  the  same  manner*  The 
volatile  fatly  acids  poor  in  carbon  are  less  eaaily  oxidized  than  those  rich  in 
carbon^  and  they  therefore  pass  uuctianged  into  the  nrine  in  large  amoQiitL 
This  is  especially  true  of  formic  and  acetic  acids  (Schottkx,  GBEH^iNT  and 
QriNQUAUi)').  The  statements  in  regard  to  oxalic  acid  are  con  trad  ictorr* 
In  birds^  according  to  Gaglio  and  Giukti,  it  is  not  oxidized.  In  mammAli 
ti  is  in  great  part  oxidized,  according  to  Gil^kti,  while  Gaglio  and  PoHi 
claim  that  it  is  indestructible.  In  human  beings  oxalic  acid  is  in  great  part 
oxidized,  according  to  Makfori  and  Giunti.  Tartaric  acid  acta  differeoLl?, 
according  to  Bkion;  namely,  in  dogs  the  la37o-tartaricacid  ia  nearly  eniirelj 
consumed,  while  a  little  more  than  "10%  of  d ex tro -tartaric  acid  is  barot 
Racemic  acid  is  oxidized  to  a  atill  less  extent  in  the  animal  body.  Soccinic 
and  malic  acida  are  completely  combustible,  according  to  Porii^* 

The  acid  amides  appear  not  to  be  changed  in  the  body  (Schultzkn  mi 
Nekcki  ').  A  small  part  of  the  amido-acids  seems  indeed  to  be  eliminated 
nnchauged,  but  otherwise  they  are,  as  stated  above  (page  412)  for  kucm^ 
gltfcocoU,  and  aspariic  acid,  decomposed  within  the  body,  and  they  mij 
therefore  cause  an  increased  elimination  of  area.  Sarcosin  (methjlgljco- 
coll),  NH(CUj),CII,.COOII,  also  perhaps  passes  in  small  part  iuto  tlie 
corresponding  uramido-acid,  methylhydantuic  acidy  NII,.CO.N(CH,)^ 
CH,,C00n  {ScnuLTZEN*)»  Likewise  taurtn^  amido-ethylsiilphonic  acid, 
which  acts  somewhat  differently  in  different  animals  (Salkowski  *),  ]>afflee 
in  human  beings,  at  least  in  part,  into  the  corresponding  nramido-acid, 
taurocarbamic  acid,  Nil,. CO. NIL  C,II,.SO,*  OIL  A  part  of  the  taaria alM 
appears  as  such  in  the  nrine.  In  rabbits,  when  taurin  is  introdnced  iflta 
the  stomach  nearly  all  its  sulphur  appears  in  the  urine  as  sulphuric  an<l 
hyposiilphurQus  acids.  After  subcutaneous  injection  the  taurin  appears 
again  in  great  part  .unchanged  in  the  urine. 


»  Scbotten,  Zeilachr.  f.  pbysiol.  Cbem.,  Bd,  7  ;  Grdhant  aud  Quinquaud,  Co^l^»t. 
reud.,  Tome  104. 

'  Gaglio.  Areli.  f.  exp.  Path.  u.  Pbarm,.  Bd,  22  ;  Ginntl,  Chem.  CeiitmlbJ.,  ^^"^^ 
Bd.  3;  Marfori,  Maly^s  Jftbresber,,  BiL  20;  Brion,  Zeltscbr,  f,  phyaiol.  Cbem..  Bd.23; 
Pohl,  Arcb.  f.  exp.  PiUh.  u,  Pborm,.  Bd.  37,  where  a  statement  aa  lo  the  intcrmedl*''' 
products  of  tiie  oxiilatiou  of  fatty  bodies  may  b«  found* 

«  Zeitachr.  f.  BiulogiL'.  Bd.  8 

*  Ber.  d.  deutscb.  chem,  Gesellich.,  Bd,  6.  See  also  Baumann  and  v.  Meriag.  <Wa» 
Bd.  8.  8,  5S4,  aod  E.  Salkowflki,  Zeitschr.  f.  phyaiol,  Cbem.*  Bd.  4.  8.  107. 

'  Ber.  d.  deutach.  ch&m.  Oeaeilsch.,  Bd.  6,  and  Yirchow'a  Arch,,  Bd.  56* 
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The  nUriles^  including  bydrocyanic  acid,  pass,  according  to  Laxg,  into 
satphocjanide  combinations,  and  this  Bulpliocjanide  seems  to  originute  from 
the  noii*oxidized  snlphiir  of  the  proteidg,  which  is  readily  split  oil.  This 
snlphnr  can,  according  to  Pa.sciieles'  '  observationa,  convert  the  cyan 
alkalies  readily  into  aalphocyanides  in  alkaline  reaction  and  at  the  tempera- 
tare  of  the  body. 

By  siibsiiintion  with  halogens  otherwiBe  readily  oxidizable  bodies  are 
converted  into  difficaltly  oxidizable  ones.  While  the  aldehydes  are  readilj 
and  completely  bnrnt  like  the  primary  and  secondary  alcohols  of  tlie  fatty 
series,  the  halogen  sabatitnted  aldehydes  and  alcohols  are,  on  the  contrary, 
difficnltly  oxidizable.  The  halogen  Bubstitution  products  of  methane 
(chloroform,  iodoform,  and  hromoform)  are  at  least  in  part  bnrnt,  and  the 
icorresponding  alkali  combination  of  tlie  halogen  [masses  into  the  urine.' 
■  By  coupling  with  sulphuric  acid  the  otlierwise  readily  oxidizable  alcehols 
may  be  guarded  against  cornhnstion,  and  correspondingly  the  alkali  salt  of 
ethylsulpLuric  acid  is  not  burnt  in  t!)e  body  (Salkowski  *). 

The  organic  combinations  confaining  sulphur  act  somewhat  differently. 
According  to  W.  SMiTri  the  enlidiur  of  the  thio  acids  like  thioglycolic  acid, 
CHj.SH.COOn,  Is  in  part  oxidixed  to  sulphuric  acid,  and  according  to 
GoLDHANK  amidothiolaetic  acid  (cystein)  and  the  sulphur  of  the  thio 
alcohols  (ethyl  mercaptans)  are  also  oxidised  into  sulphuric  acid-  On  the 
contrary,  ethyl  sulphide,  suljihonic  and  siilpho  acids  in  general  (Salkowski, 
i^itiTii  •)  are  not  oxidized  into  snlphuric  acid.  Oxyethylsiilphonic  acid, 
IIOX,II^.SO,.OH,  which  is  in  part  oxidized  to  sulphuric  acid,  k  an 
exception  (Salkowski)* 

t  ConJ ft gai ion  mth  glgcoronic  and  occurs  in  certain  substituted  alcohols, 
lehydes,  and  ketones  (?),  which  probably  tirst  pass  over  into  alcohols 
rxDViK).  Cliloral  hgtlntie,  C/I1,0II  4  11,0,  passes,  after  it  has  been 
converted  into  trichlorethyl-alcobol  by  a  reduction,  into  a  laBVOgyrate  reduc- 
ing acid,  itroMoralic  arid  or  trichlorethyl-glycuronic  acid,  C,C1^H..C^H„0, 
(MrsruLUS  and  v,  Meeinii').  Trichhrlmlgi-aUohol  and  bnigl-chhral 
hydrate  also  pass  into  trichlorhufgl-glgcnronic  acid* 


I  Lang,  Arch*  f<  exp,  Palli.  u.  Pijarm.t  Bd.  84  ;  PflUfiheleB,  ibid. 

•See  Haruack  ajitl  GriiDdltr.  Berlin,  kliii.  WcM-litnscbr,,  1883;   Zeller,  ZeitBchn  f. 

rysiol.  CUem..  B.J.  8  ;  Kast.  tldd.,  BiL  11  ;  Bioz,  ArcU.  f.  exp.  Path,  il  Plmrm,,  Bd. 
,  Zeehuisen,  Maly's  Jaljresher,»  Bd,  23, 
*  PflUger's  Arch,,  Bd.  4 
*  Smith,  PflO^er's  Arcb.*  Bdd.  53.  55.  57.  and  Zeitsrbr.   t  physioL  Cbcm..  Ed.  17  ; 
Sftlkowaki.  Vircbow'fl  Arch..  Bd.  66;  PJlLlger's  Arch.,  Bd.  30  ;  Goldmann.  Zehm-ur.  f. 
phjsiol   Chcm.,  Bd.  9;  also  Baumann  atui  Krisi,  ibid,,  Bd.  !4. 

*  Sundvik,  Matj's  Jabrest)€r,  Bd.  16  ;  Miisculus  and  v.  Mering,  Ber.  d.  deutscb. 
cbem.  Gesellsch.,  Bd,  8  :  nlwi  v.  Meringr  ibid.,  Ed.  15,  Zeitschr.  f.  physiol.  Cbem..  Bd. 
e;  KUlz,  Pflilger*8  Arcb..  Bdi!.  28  and  33. 
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The  aromatic  combmalions  ^  pass,  as  far  as  we  know,  into  the  arine  i 
such  generally  after  a  previous  partial  oxidation  or  after  a  6jn thesis  vidil 
other  bodies.     That  the  benzol  ring  is  destroyed  in  the  body  in  cerUiQ 
caaea  is  very  probable. 

The  fact  that  benzol  may  be  oxidized  outside  of  the  body  into  carbon 
dioxide,  oxalic  acid,  and  volatile  fatty  acids  has  been  known  for  a  long 
time  J  and  as  in  these  cases  a  rapture  of  the  benzol  ring  must  take  place,  i 
also,  it  must  be  admitted,  when  aromatic  substances  undergo  a  comhastio 
in  the  animal  body  a  rapture  of  the  benzol  naclens  with  the  fonnation  of 
fatty  bodies  must  first  take  place.  If  this  does  not  take  place,  then  the 
benzol  nuclens  is  eliminated  with  the  urine  as  an  aromatic  combination  of 
one  kind  or  another.  As  the  difficultly  destroyed  benzol  nucleus  can  pro- 
tect from  destruction  a  Bub&tance  belonging  to  the  fatty  aeries  when  con- 
Jagated  with  it,  which  is  the  case  witli  the  glycocoll  of  hippuric  acixl»  it 
seems  also  that  the  aromatic  nucleus  itself  may  be  protected  from  destrne- 
tion  in  the  organism  by  syntheses  with  other  bodies.  The  aromatic  etberesl. 
Bolphuric  acids  are  examples  of  this  kind. 

The  difficulty  in  deciding  whether  the  benzol  ring  itself  is  destroyed  in 
the  body  lies  in  the  fact  that  we  do  not  know  all  the  different  aronmtic 
transformation  products  which  may  be  produced  by  the  introd action  of  aoy 
aromatic  substance  in  the  organism,  and  which  we  must  seek  for  in  the 
nrine.  On  this  account  it  is  also  impossible  to  learn  by  exact  qaantitatite 
determinations  whether  or  not  an  aromatic  substance  introduced  or  abiorbed 
appears  again  in  its  entirety  in  the  uriue.  Certain  observ-ations  reader  it 
probable  that  the  l>enzol  ring,  as  above  mentioned,  is  at  least  in  certiin 
cases  destroyed  in  the  body.  Schotten,  Baumank,  and  others  have  found 
t  h  at  certain  am  i  d  o-ac  ids,  s  nch  as  tij  rosin ,  phe  n  if  la  m  ido  -/>  rop  to  n  ic  aciJ,  tod 
anndo-cmnafuic  ai'id  when  introduced  into  the  body  cause  no  increase  in 
the  quantity  of  known  aromatic  substauces  in  the  nrlne;  this  makes  • 
destruction  of  these  amido-acids  in  the  animal  body  seem  probable. 
JUYALTA  also  made  an  experiment  oo  dogs  witli  phthalic  acid^  and  foufl^ 
that  it  was  in  great  part  destroyed.  The  benzol  derivatives  vary  in 
behavior  according  to  the  position  of  the  substitution,  for  as  foaniJ  ^1 
R.  CoHX,"  among  the  bi-derivates  the  ortho  compounds  are  more  readilj 
destroyed  than  the  corresponding  meta-  or  para*compounds.  j 

An  oxidation  in  the  side  chain  of  aromatic  coniponnds  is  often  found, 
and  may  also  occur  in  the  nucleus  itself.     As  an  example,  benzol  is  ^^^ 


*  I0  accardnncc  with  custom  we  will  discuss  under  Ibis  heftding  the  Uoniocycllc  •* 
well  a^  file  heiert»cyl!c  com|>oiiml8. 

'  8choiLeij,  ZfiisL'hr.  f.  pliyaiol.  Chein,,  Bdd.  7  and  8;  Baumaan,   ibid,,  Bd.  lO.  ^' 
180,     lit  refjunl  ici  the  b^-havlor  of  lyrosiu  eee  e8i>ecially  Blendermanu,  ihid  ,  M  ^Jj 
Schotien.  ibkL,  Bd.  7  ;  Bmia,  ibid,  Bd.  11  ;  and  R.  Colin.  I'Mtf.,  Bd.  U;  JuvilW.  ****•» | 
Bd.  la;  R.  Cohn.  iH^L,  Bd.  17. 
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ddized  to  oxybenzol  (Schultzbx  and  Naunyn),  and  this  is  then  further 
in  part  converted  into  dioxybeiizoh  (Baumann  and  Pretsse),  yaphihalm 
appears  to  be  converted  into  oxynaphthuUn^  and  probalily  a  part  also  into 
dioxyiiaphlhalin  (Lesnik  and  M,  NeisX'ki),  The  hydrocarbons  with  an 
ami  do  or  imido  gronp  may  also  be  oxidized  by  a  snbstitntion  of  hydroxyl 
for  hydrogen,  especially  when  the  formation  of  a  derivutive  with  tlie  pura 
position  is  possible  (Klixgexberg).  For  example,  anilin^  C,1I^. KH, , 
paases  into  paramidophenol,  which  passes  into  the  urine  as  etbereal-snl- 
pharic  acid,  II, N.CJI^, 0.80^.011  (F.  Muller).  AaianiHd  is  m  part 
converted  into  acetyl  paramidophenol  (Jaffe  and  Hilbert,  K.  Moeneh), 
and  carbazol  into  oxycarbazol  (KuifGENBERG  *). 

An  oxidation  of  the  side  chain  may  occur  by  the  hydrogen  atoms  being- 
replaced  by  bydroxyl  as  in  the  oxidation  of  indol  and  skal&i  into  indoxyl 
and  skatoxyL  An  oxidation  of  the  side  chain  may  also  take  place  with  the 
fomiation  of  carboxyl;  thos,  for  example,  ioluoi,  C^H^.  CII,  (SrHULTZEK  and 
Naunyx),  ethyUhenzoU  CJI^.C^Il,,  and  propylbeHzoi,CJl^,iJ^ll^  (Nencki 
and  GiACOSA),'  besides  many  oilier  bodies,  are  oxidized  into  benzoic  acid. 
Cymol  is  oxidized  to  cumic  acid,  jyhl  to  tolnic  acid,  methyl *pyridin  to 
pyrid in-carbonic  acid,  in  the  same  way.  If  the  side  chain  has  several 
members,  the  behavior  is  somewhat  different.  Phenyl-acetic  acid,  ^,11,. 
Cn^.COOIi,  in  which  only  one  carbon  atom  exists  between  the  benzol 
nnclens  and  the  carboxyl,  is  not  oxidized,  but  is  eliminated  after  conjuga- 
tion with  glycocoll  as  pkenaceiuric  acid  (Salkowski  ').  Phenyhpropnonie 
acid^  C,1I^.CU,.CH,.C00H,  with  two  carbon  atoms  between  tiie  benzol 
nucleus  and  the  carboxyl,  is,  on  the  contrary,  oxidized  into  benzoic  acid,* 
Aromatic  amido-acids  with  three  carbon  atoms  in  the  side  chain,  and  where 
the  NH,  group  is  bound  to  the  middle  one,  as  in  iyrosin^  w-oxy phenyl- 
amido-propionic  acid,  CJI^(OH).Cn,.C'H{NHJ.COblI,  and  a-phenyU 
amidO'pr  op  ionic  acid^  C,II^.  CH,.CH(NH,).COOH,  seem  to  b€  in  great  part 
bnrnt  within  the  body  (see  above).  Pltenylmmdo-acdic  aetd^  which  haa 
only  two  carbon  atoms  in  the  side  chain,  C,1I^. CH(KlI,)C00n,  acts 
differently,  passing  into  tfiandelic  acid^  phenyl-glycol ic  acid,  C^H,.Cn{OH). 
COOH  (Schotten'), 

*  ScbuUzetJ  and  Naimyn.  RHclien  nnd  Du  Bois-Reymond's  Arch,.  t867;  BaiitnfttiQ 
and  Preusse,  ZelUchr,  f.  physioL  Chem.,  Bd.  ;5,  S.  156.  See  nlso  Nencki  and  Glurosa, 
ibid.,  Bd.  4;  Lesolk  and  Nencki,  Arch  f.  exp.  Patlj.  u.  Pkarm..  Bd,  24;  R  Mniler. 
Deutsch.  raed,  Wocbenscbr,  1887  ;  JalTe  and  Hilberl.  Zeitsclir.  f.  pljyBiol,  Cliem  ,  Bd. 
13;  MCymeT,  ibuL,  Bd.  13;  Klingenberg,  "  Studien  iiber  die  Oxydatlon  aromatiscber 
8iit>sliLnzeD,"  etc,  Iimug  -Diss.  Roitoek,  1891,  In  regard  to  formaniltd,  which  acta 
Qtlallj  as  acetanOid,  see  Klehie,  Zeilachr.  f,  physiol.  OLem.,  Bd.  33. 

•iW<I..Bd,  4 

t/Akf.,  Bdd,  7  and  a 

*Sffe  E  and  n.  Salkowski,  Ber.  d.  deutach.  cbem.  Geselbch.,  Bd*  1% 

*ZeiUclir.  f.  ulifsiol  Chem..  Bd.  8. 
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If  soveral  side  chains  are  present  in  the  benzol  nnclens,  then  ouly  iiDi| 
IB  always  oxidized  into  carboxyl.     Thus  xyhl^  C,LI^(CII,)j ,  is  oxidized  inft 
toluic    aciil^    C,LI^{CI1,)C001I    (Suhitltzen    and    Nalkyk),    mmiijUnA 
C,1I,(C1IJ,,  into  mesUiilenic  acid,  C,H,(Cnj,.COOII  (L.  Ke:n'cki),  m^ 
cifmol  into  cttmic  acid  (M*  Nekcki  and  Zieoler  *). 

Syntlieses  of  aromatic  sabstancea  with  other  atomic  groups  occar  fre»1 
quently.     To  these  syiithesea  belongs,  in  the  tirst  rank,  the  conjiigadonotj 
benzoic   acid   with    glycocoll    to  form   hippurtc  acid,    first   discorered  by 
WoHLER.     All  the  numerous  aromatic  substances  which  are  conTorted  inta] 
benzoic  acid  in  the  body  are  voided  partly  as  hipparic  acid.     This  statemeoi 
is  not  true  for  all  classes  of  animals*     According  to  the  obserrationg  of  I 
Jaffe,'  benzoic  acid  does  not  pass   into  hippnric  acid  in  birds,  bnt  inu^J 
another  nitrogenoua  acid,  ornilhuric  acid,  ^'„ll,a^\^<-     This  acid  yieldf  ai^ 
splitting  products,  besides  benzoic  acid,  ornithine  a  body  which  has  been 
spoken  of  on  page  68»     Not  only  are  the  oxi/benzotc   acids  and  the  iuh- 
^iiiuted   benzoic  acids  conjugated  with    glycocoll,  farming   corresponding 
hippnric  acids,   but   also   the   above-mentioned  acids,    toluic^  inmhjlenie^ 
cumic^  and  pheniflacetic  acids.     These  acids  are  voided  as  tolnric^  rmsityh- 
nuric,  ruwinuric,  and  pkenaceturic  acids. 

It  must  be  remarked  in  regard  to  the  oxy benzoic  acids  that  a  conjofft' 
tion  with  glycocoll   has  only  been  showu   with  salicylic  acid  and  {hmcv-J 
benzoic  acid  (BKUTAOJnNi,  Baumanx,  and  IIeeter,   and    others),  whili| 
Baumann  and  IlFJiTER'  find  it  only  very  probable  for  ni-oxyl>enzoicacid. 
The  oxybenzoic  acids  are  also  in  part  eliminated  as  conjugated  siilpLoric  j 
acids,  which  is  especially  true  for  m-oxy benzoic  acid.      We  hare  the  in-  ^ 
Tf^stigations    on   m-amidohenzoic   acid   in   regard    to    the    transfannation 
of  amidobenzoic  acids*     Salkowski   found,   as   was   later   confirmed  by 
K.  Cohk/  that  m-amidobenzoic  acid  passes  in  part  into  uTamidohtnmc  I 
acid,  II,X.CO.HNX\H^.COOH,     It  is  also  in  part  eliminated  as  amido- 
hippnric  acid* 

The  substituted  aldehydes  are  of  special  interest  as  substances  wbidi 
undergo  conjugation  with  glycocoll.  According  to  the  investigations  »f 
K.  Conx  ^  on  this  subject  o-niirobenzaldehyde  when  introduced  into  a  rabbit 
is  only  in  a  very  sma!!  part  converted  into  nitrobenzoic  acid,  and  the  chiel 
mass,  about  OOll,  is  destroyed  in  the  body.  According  to  Sieber  a^J 
Smirxow  '  m-iiitrobenzaldekyde  passes  in  dogs  into  m-nitrohippnric  ftcid, 

'  L.  Nencki,  Arch.  f.  exp.  Path,  u,  Pharm.,  Bd.  1  ;  Nencki  and  Ziegler,  B«r*  d. 
ticntscb.  diem.  Cicsellacb,,  Bd.  5.     See  also  O,  Jacoba^o,  iW.,  Bd.  12. 

^  Ibiil,  Bdd.  lOaud  IL 

'  Zeitschr  L  phyaiol  Cbem,^  Bd.  1,  where  Berlagnmrs  work  is  ttl»o  cited.  S«e  tl* 
Dautztniberg.  Miily's  Jabresber..  Bd.  11,  S.  281. 

*  Salkowski.  Zeilacbr.  f.  pbysloL  Cbem.»  Bd.  7  ;  Cohn,  ibid,,  Bd.  17. 

*  Zeiljschr.  f.  pbysiol.  Cbem.,  Bd.  17. 
'  MunulshefU'  f.  Chem.,  Bd.  8. 
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and  according  to  Cohk  into  nrea  m-nitrobippnrate.  In  rabbits  the 
bebavior  is  quite  different  according  to  OoHX,  In  this  case  not  only  does 
an  oxidation  of  the  aldehyde  into  benzoic  acid  take  place,  but  the  nitro 
group  is  also  reduced  to  an  amido  groap,  and  finally  acetic  acid  attaches 
itself  to  the  amido  group  with  the  expulsion  of  water,  so  that  the  final 
product,  m-acettjlaniiflohenzoic  arid^  <"II,.rO,>riI.C,n^.COOn,  is  the 
result.  This  process  is  analogous  to  the  behavior  of  farfurol,  and  the 
reduction  does  not  take  place  in  the  intestine,  but  in  the  tissne.  The 
p-Ditrobenaaldebyde  acts  in  rabbits  in  part  like  the  m-aldehyde  and  passes 
in  part  into  p-arettjlajuidohevzoic  acid.  Another  part  is  converted  into 
p-nitrobenzoic  acid,  and  the  urine  contains  a  chemical  combination  of  eqnal 
parts  of  these  two  acids.  According  to  Siebkr  and  Smiknow  p-nifcro- 
benzaldehyde  yields  only  urea  p-nitrobippurate  in  dogs.  The  above- 
mentioned  pyridin-carhonic  acid^  formed  from  methyl  pyridin  (nr-picoHn)> 
passes  into  the  urine  after  conjugation  with  glycocoll  as  ot-pyridinnrio 
<tcid. ' 

To  those  substances  which  undergo  a  conjugation  with  glycocoll  belongs 
furfurol  (the  aldehyde  of  pyromucic  acid),  which,  when  introduced  into 
rabbits  and  dogs,  as  shown  by  Jafff  and  Cohn,  is  first  oxidized  into 
pyromucic  acid  and  then  this  eliminated  n/&pyromucuric  acid^  C^M^l^fi^ 
after  conjugation  with  glycocolL  In  birds  this  behavior  is  different, 
namely,  in  them  the  acid  is  conjugated  to  another  substance,  ornithine 
C,H,,N,0^,  which  is  probably  diamidovalerianic  acid,  form'mgpyromucinor- 
ihnric  arid.  Similar  to  the  oxidation  of  ftirfurol,  fkiopheji,  CJI^S,  corre- 
sponding to  fnrfuran,  is  oxidized  to  (Itiophe}fic  acid^  which,  according  to 
Jaffe  and  Levy,*  is  conjugated  with  glycocoll  in  the  body  (rabbits)  and 
eliminated  as  thiophmnric  acidy  0,H,XSO,. 

Furfurol  also  undergoes  conjugation  with  glycocoll  in  other  forms  in 
maniumls.  Thus  Jaffe  and  Cohn  fonnd  that  it  is  in  part  combined  with 
acetic  acid,  forming  furfttr  aery  lie  aeid^  C^H,0.C1I:  CH.COOII,  which 
passes  into  the  urine  coupled  with  glycocoll  as  fitr/nracrylurie  aeid. 

Another  very  important  synthesis  of  aromatic  substances  is  that  of  the 
ethereal' snlphnHc  acids.  Phenols  and  chieHy  the  hydroxylaied  aromatic 
hydrocarhons  and  their  derivativea  are  voided  as  ethereal-snlphnric  acids, 
according  to  Baumann,  Heeter,  and  others. ' 

A  conjugation  of  aromatic  acids  with  sulphuric  acid  occui-s  less  often. 
The   two   above-mentioned    aromatic    acids,   p'Oxyphcnylacetic    a^id    and 

*  In  regard  to  tbe  eitteiisivc  lltemttire  on  glvcocoll  conjugntloas  we  refer  tlic  reader 
to  O.  KaiiUng,  Ueber  Stoffwecbselprotlukie  aromntiflcheT  KOrpen  Inaug.  Di?s  BeTlfn, 
1887. 

'  Jaffo  and  Cobu.  Ber.  d,  deutsch.  cbem.  Geiellsch*,  Bdd.  20  aad  21 ;  with  Levy, 
iW(i.,  Bd  2L 

'  Id  regard  io  tbe  literature  see  O.  Kdhllog,  1.  c 
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p'Oxyphenylpropmiic  acid^  are  in  part  eliminated  in  this  form.  GeniUmi 
acid  (bydroc  hi  non-carbonic  acid)  increases^  accord  i  tig  to  Likuat^chefi,*] 
alao  the  quantity  of  ethereal-BuIphuric  acid  in  the  urine,  and  according  ta 
EosT  the  same  occurs,  contrary  to  the  older  statemeuta^  with  gallic  aadS 
(trioxybeuzoic  acid)  and  tannic  acid.* 

WhEe  acetopkeiWH  (pbenylmethyl  ketone),  C.H^.CO.CH,,  as  shown  hr' 
M*  Nencki,  ia  oxidized  to  henzoic  acid  and  eliminated  as  hippurlc  $fi<I, 
the  aromatic   oxy ketones  with   hydroxyl  groups,  such  as  resacshphma^ 

C,n,(OII)(OH)(COXUi,),  paraoxf/propiophemn,  C,njOH)(COCH'.CH,), 

I  *^  3  4 

and  fjaUacetophenen,  C,H,(OII){OH)(OII)(CO,CHJ,  pass  into  the  nrim* 
without  previons  oxidatiou  aa  ethereal -sulphuric  acids  and  in  part  after 
conjugation  with  glycuronic  acid  (Nencki  and  Rekowski*). 

Euxanthon^  which  ia  also  an  aromatic  oxyketone,  passes  into  the  nrinew 
tuxmilhic  acid  after  a  previously  mentioned  conjugation  with  glycoronic 
acid.  A  conjugation  of  other  aromatic  sabstancea  with  glycuronic  iciil^ 
which  last  is  protected  from  couibustion,  occurs  rather  often.  CampJm^ 
Cj,H,  J),  when  given  to  a  dog  ia  first  converted  by  oxidation  into  camphoral^ 
Cj^H,JOH)0,  and  by  conjugation  with  glycuronic  acid  into  camf^o* 
glycuronic  acid  (Sciimiedkbhru).  The  phenols,  as  above  stated  (page  Uh)^ 
pass  in  part  as  conjugated  glycuronic  acids  into  the  urioe*  The  sume  it 
true  for  the  horaologues  of  phenols,  for  certain  substituted  phenols,  far 
naphdiohy  horneol^  meuthuly  inrpentine^  and  many  other  aromatic  aul^ 
stances.*  OrUionitroioluol  in  *iogs  passes  first  into  o-nitrobenzyl  alcoHol 
and  then  into  a  conjagated  glycuronic  acid,  tiromlrotaluolic  acid  (Jaffe*). 
The  glycnronic  acid  split  of!  from  tlie  conjugated  acid  is  Ia?vogyrate  ftfi^i 
heuce  not  identical  with  the  ordinary  glycuronic  acid,  but  isomeric.  Indol 
and  skaiol  seem,  as  above  stated  (page  441)  and  450),  to  be  eUmioaieil  iu 
the  urine  partly  as  conjugated  glycuronic  acids. 

A  fiyntheaia  in  which  compounds  containing  sulphur,  mercapiuric  a^'^^ 
are  formed  and  eliminated,  coujugated  with  glycuronic  acid,  occurs  wb< 
chlorine  and  bromine  deri rates  of  beuzol  are  introduced  into  the  orgai^^^^ 
of  dogs  (Bacmann   and  Pkel'bse,  Jaffe*).     Thus  ehlorbenzol  ('i>mi^^^^ 

I  Zeftdchr.  f.  pbyaiol.  Chem.,  Bd,  21. 

*  lu  regard  lo  the  behavior  of  c^nlllc  flotl  tunuic  acids  in  ihe  imiinal  body  see  C. 
Der,  Zdibclir,  f.  pliysiul.  Cliom.,  Bd.  10,  wliicb  tilso  coQtfiiiis  the  older  Hieraturc  ^ 
Haruttck.  ihid.,  Bd.  24.  and  Rust.  Artk  f.  ejtp.  Palh.  u.  Pharm,,  BiJ.  88.  aod  Sitt*--^^ 
ber.  d.  Gessellscli.  zur  Bef5rd,  d.  ges.  Nalurwiss.  zu  Marbur>;.  18598. 

*  Arch.  d.  Bcieiic.  biul.  de  Si.  Petursbourg,  Tc»m«  3«  and  Ber,  d.  deutsch.  cbem 
sellsch..  Bd.  27. 

^  See  O.  KUbling.  1.  c,  which  gives  the  literature  up  to  1887  ;  also  E.  EOlz.  ZelU 
f.  Bloiogie,   Bd.  27. 

*Zeii8elir,  f.  phyeiol  Chem.,  Bd.  % 

*  Baiimnnn  and  PreusBe,  Zeftflcbn  f.  pbyaloU  Chem.,  Bd,  5  ;  Jaff6,  Ber,  d.  deu 
cbem^  Q<^&€ilm:h.,  Bd.  12. 


CASUAL  CONSTITUENTS 


483 


ith  CTSTETX,  an  intermediate  decomposition  prodoct  of  proteiils  which  is 
closely  allied  to  cjatin  (see  below),  foriniug  chloryhenylmercapiuric  acid^ 
0,,H„C1SNO,.  Oa  boiliDg  with  mineral  acid  this  compooDil  decompoaes 
into  acetic  acid  and  chlorpbeny  ley  stein,  C\H/JLC,H,NSO,. 

Pyritlin^  C^U^X,  which  does  not  combine  either  witli  gljcurouic  acid  or 
*'ith  salphuric  acid  after  preirioEs  oxidation,  shows  a  8pe€ial  behavior.  It 
takes  up  a  methyl  group  as  found  by  Ills  und  later  confirmed  by  Cohn/ 
and  forms  an  ammoninm  conibination,  mcthiflpyridyl-annnonium  hifilroxt/l, 
HO.CH.,NC,n.. 

Severrd  alkaloids,  such  as  rpnuiu^  juorpJdn^  and  sinjchnm^  muy  piiSfi 
into  the  urine.  After  iurpeniine,  baham  of  copaiva^  and  resins  Lb.ese 
may  appear  in  the  urine  aa  re^jin  acids.  Different  kinds  of  color! n;, 
matters,  snch  aa  aUzariti,  crysophanic  acid^  after  rliubarb  or  senna,  and 
the  color ifiij  matter  of  the  hhieberry^  etc.,  may  also  pass  into  the  nrine. 
After  rhubarb^  senna^  or  mtitonin  the  urine  assumes  a  yellow  or  greenish- 
yellow  color,  which  is  transformed  into  a  beautiful  red  color  by  the  addition 
of  alkali.  Phenol  protluces,  as  above  mentioned,  a  dark-brown  or  dark- 
green  color  which  depends  mainly  on  the  decomposition  prod  nets  of  hydro- 
ehinon  and  humin  substances.  After  naphthalm  the  orine  has  a  dark 
color,  and  several  other  medicines  produce  a  special  coloration.  Thus 
lairin  often  gives  a  yeilo wish-green  hue,  and  the  urine  darkens  when 
exposed  to  the  air;  thalUn  gives  a  greenish-brown  color  which  is  marked 
green  in  thin  layers,  and  antipyrin  gives  a  yellow  to  blood-red.  After 
haham  of  copaiva  the  urine  becomes,  when  strongly  acidified  with  hydro- 
chloric acid,  gradually  rose  and  purple-red.  After  naphthalbi  or  naphthol 
the  urine  gives  with  concentrated  sulphnric  acid  (1  c.c,  concentrated  acid 
and  a  few  drops  of  orine)  a  beautiful  emerald-green  color,  which  is 
probably  due  to  naphthol-glycuronic  acid.  Odoriferous  bodies  also  pasa 
into  the  nrine.  After  asparagus  the  urine  acquires  a  sickly  disagreeable 
odor  which  is  probably  dne  to  methylmercaptan,  according  to  M*  Nencki." 
After  tnrpentine  the  nrine  may  have  a  peculiar  odor  similar  to  that  of 
violets. 


k 
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TI.  Pathological  Constituents  of  Urine. 

oteid.  The  appearance  of  slight  traces  of  proteid  in  normal  nrinee 
has  been  repeatedly  observed  by  many  investigators,  such  as  Posner^ 
Plosz,  V,  KoORDEN,  Leube,  and  others.  According  to  K.  Morxer'  pro- 
teid regularly  occurs  as  a  normal  urinary  constituent  to  the  extent  of  22-78 

I  His,  Arch«  f.  exp.  Path,  u    Pbarm.,  Bd.  ^\  Goba,  Zeitscbr.  f«  pbyiiol.  Chem., 
Bd.  18. 

>  Arch.  f.  exp,  Pfttli,  n   Plmrm,,  Bd.  28. 
•Bkand.  Arch.  f.  Physiol.,  Bd.  6. 
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milligrams  per  litre.  Frequently  traces  of  a  BubataDce  similar  to  a  nocleo 
albtiraiii,  and  which  is  easily  mistaken  for  mucin^  are  fonnd  in  the  nrioa 
In  diseased  conditions  profceid  occnrs  in  the  urine  in  a  varietr  of  cans 
The  albaminoiis  bodies  which  moat  often  occur  are  serglobnlin  and  semi' 
bumin.  Albnmoses  and  peptones  also  sometimea  occar.  The  quantitr  of 
proteid  in  the  urine  is  in  most  cases  less  than  5  p.  m.,  rarely  10  p.  m,  mi 
only  very  rarely  does  it  amount  to  50  p*  m,  or  over. 

Among  the  many  reiictions  proposed  for  the  detection  of  proteid  n 
uriue,  the  following  are  to  be  recommended: 

The  Heat  TesL  Filter  the  urine  and  test  its  reaction.  An  aciii  nfim 
may,  as  a  rule,  he  boiled  without  further  treatment,  and  only  in  especiallj 
acid  urines  is  it  necessary  to  first  treat  with  a  little  alkali.  An  alkaline 
urine  is  made  neutral  or  faintly  acid  before  heating.  If  the  urine  ispoor 
in  Siilte,  add  ^ij  vol.  of  a  saturated  common-salt  solution  before  boiling; 
then  heat  to  boiling-point,  and  if  no  precipitation,  cloudiness,  or  opalescence 
appears,  the  urine  in  question  contains  no  coagalable  proteid,  bat  it  mar 
contain  albaraoses  or  peptones.  If  a  precipitate  is  prwlncGd  on  boiling, 
this  may  consist  of  proteid,  or  of  earthy  phosphates,  or  of  both.  The 
simple-acid  calcium  phosphate  decomposes  on  boiling,  and  normal  phos- 
phate may  separate.  The  proper  iimoniit  of  acid  is  now  added  to  the 
urine,  so  as  to  prevent  any  mistake  caused  by  the  presence  of  earthy 
phosphates,  and  to  give  a  better  and  more  floecnletit  precipitate  of  th« 
proteid.  If  acetic  acid  is  used  for  this,  then  add  l-*2-3  drops  of  a  25?  flcid 
to  eiicli  10  c.c.  of  the  nrine,  and  boil  after  the  addition  of  each  drop*  On 
using  nitric  acid,  add  1-3  drops  of  the  25j^  acid  to  each  c.c,  of  the  boiliag- 
hot  urine. 

Oil  using  acetic  acid^  when  the  ouantity  of  proteid  is  very  small,  and 
especially  when  the  urine  was  originally  alkaline,  the  proteid  may  sometimea 
remain  in  solution  on  the  addition  of  the  above  quantity  of  acetic  «ci^' 
If,  on  the  contrary,  leas  acid  is  added,  the  precipitate  of  calcium  phosphate, 
which  forms  in  amphoteric  or  faintly  acid  urines,  is  liable  not  to  dissolve 
completely,  and  this  may  cause  it  to  be  mistaken  for  a  proteid  precipit^^- 
If  nitric  acid  is  used  for  tiie  heat  test,  the  fact  must  not  be  overlooked  tb»^ 
after  the  addition  of  only  a  little  acid  a  combination  between  it  and  ^^^*  ■ 
proteid  is  formed  which  is  aolnble  on  boiling  and  which  is  only  precipit^^f?  ■ 
by  an  excess  of  the  acid.     On  this  account  the  large  qaantity  of  nitric  a^^r" 
as  suggested  above,  must  be  added,  hut  in  tiiis  case  a  small  part  of     ^^ 
proteid  is  liable  to  be  disaolved  by  the  excess  of  the  nitric  acid.     Whea      .  ^ 
acid  is  added  after  boiling,  which  is  absolutely  necessary,  the  liability  ^^  ^ 
mistake  is  not  so  great*     It  is  on  these  grounds  that  the  heat  test,  altho-^^?* 
it  gives  very  good  results  in  the  hands  of  experts,  is  not  recommendeii^^ 
physicians  as  a  positive  test  for  proteid, 

A  confounding  with  mucin,  when  this  body  occurs  in  the  urine,  is  ea-^J 
prevented  in  the  heat  test  with  acetic  acid,  by  acidifying  another  port:^^ 
with  acetic  acid  at  the  ordinary  temperature.  Mucin  and  nucleoaIbnc^| 
substances  isimilar  to  mucin  are  hereby  precipitated.  If  in  the  performa-^^ 
of  tlie  heat  and  nitric-acid  test  a  precipitate  first  appears  on  cooling  o^^* 
strikingly  increased,  then  this  shows  the  presence  of  albnmoses  in  the  nr^ 
either  alone  or  mixed  with  coagulahle  proteid.     In   this  case   a  fnrt:^ 
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ioTestigation  is  necessary  (see  below).  In  a  nrine  rich  in  nrates  a  precipitate 
consisting  of  uric  acid  separates  on  cooling.  This  precipitate  is  colored, 
sandy,  and  hardly  to  be  mistaken  for  an  albtunose  or  proteid  precipitate. 

Heller's  te$t  is  jrerfomied  as  f  jUows  (see  pa^re  2fJ):  The  nrine  is  very 
Darefully  floated  on  the  siirfaco  of  nitric  acid  in  a  test-tube.  The  presence 
of  proteid  is  shown  by  a  white  ring  between  the  two  liquids.  With  this 
test  a  red  or  reddish-violet  transparent  ring  is  always  obtained  with  normal 
urine;  it  depends  on  the  indigo  coloring  matters  and  can  hardly  be  mii^taken 
for  the  white  or  whitish  proteid  ring,  and  this  last  maet  not  be  mistaken 
for  the  ring  produced  by  bile-pigmenta.  In  vl  nrine  rich  in  nrates  another 
complication  may  occnr,  due  to  the  formation  of  a  ring  produced  by  the 
precipitated  aric  acid.  The  nric-acid  rint,^  does  not  lie,  like  the  jiroteid 
ring,  between  the  two  liquids,  hut  somewhat  higher.  For  this  reason  we 
may  often  have  two  simoltaneons  rings  with  nrinea  rich  in  nrates  and  yet 
Bot  containing  very  much  prateith  Tlie  disturbance  caused  by  uric  ucid  is 
malj  prevented  by  diluting  the  urine  with  1-2  vol  water  before  perfornnng 
ibe  test.  The  uric  acid  now  remains  in  solution,  and  the  delicacy  of 
IIellekN  test  is  so  great  that  after  dilution  only  in  the  presence  of  insig- 
nificant traces  of  proteid  does  this  test  give  negative  results.  In  a  urine 
Tery  rich  in  urea  a  ring-like  separation  of  nrea  nitrate  may  also  appear. 
This  ring  consists  of  shining  crystals^  and  it  does  not  ap|i>ear  in  the  pre- 
rioasly  diluted  urine.  A  confusion  with  resinous  acids,  which  also  give  a 
hitish  ring  with  this  test,  is  easily  prevented,  Bince  these  acids  are  soluble 
the  addition  of  ether.  Stir,  a<id  ether  and  carefully  shake  the  contents 
the  iesi-tube«  If  the  cloudiness  was  due  to  resinous  acids,  the  urine 
^adnally  becomes  clear,  and  on  evaporating  the  ether  a  sticky  residue  of 
inoos  acids  is  obtaincul  A  liquid  which  contains  pure  nuicin  does  not 
Ire  a  precipitate  with  this  test,  but  it  gives  a  more  or  less  strongly 
lalescent  ring,  which  disappears  on  stirring.  The  liquid  does  not  contaitj 
J  precipitate  after  stirring,  but  is  somewhat  opalescent.  If  a  faint,  not 
^bolJy  typical  reaction  is  obtained  with  Helleu's  test  after  some  time  with 
idiluted  urine,  while  the  diluted  urine  gives  a  pronounced  reaction,  this 
ows  the  presence  of  the  substance  which  nsed  to  be  called  mucin  or 
ncleoalbnmin.  In  this  case  proceed  as  described  below  for  the  detection 
nucleoalbumin. 

If  we  bear  in  mind  the  above-mentioned  possible  errors  and  the  means 

y  which  they  may  be  prevented,  there  is  hardly  another  test  for  proteid  in 

,e  urine  which  is  at  the  same  time  so  easily  performed,  so  delicate,  and  so 

>sitive  as  Heller's,    With  this  test  even  0.002^  albumin  may  be  detected 

ithout  difficulty.     Still  the  student  should  not  he  satisfied  with  this  test 

lone,  but  apply  at  least  a  second  test,  such  as  the  heat  test.     In  performing 

this  teat  the  (primary)  albumoses  are  also  precipitated. 

The  reaction  with  mefapho»^)horic  add  (see  page  2i))  is  very  convenient 

d  easily  performed,     It  is  not  qnite  so  delicate  and  positive  as  Heller's 

t.     The  albumoses  are  also  precipitated  by  this  reagent. 

Reaction  with  Acetic  Acid  and  Potassium  Ferrocijmnde.     Treat  the  urine 

it  with  acetic  acid  until  it  contains  about  2^,  and  then  add  drop  by  drop 

potasainm-ferrocyanide  Bolution    (1  :  20),    carefully  avoiding  an  excess. 

da  teat  is  very  good,  and  in  the  hands  of  experts  it  is  even  more  deliraf^ 

an   Heller's.     In  the  presence  of  very  small  quantities  of  proteid   it 

aires  more  practice  and  dexterity  than  Heller's,  as  the  relative  qnan- 
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titles  of  reagent,  proteid,  and  acetic  acid  inflaeiice  the  result  of  the  test. 
Tlie  cjnantity  of  salts  in  the  nritie  likewise  seems  to  have  an  ititinence.  Thia 
reagent  also  precipitates  albumoses. 

SprEOLEu's  T€»l.  SpJegler  r&commencla  i\  solution  of  8  parts  mercuric  chloride,  4 
parts  tartaric  Rciii,  20  pans  glyceiin^  and  200  parls  wnler  as  a  very  delicate  reap-ent  for 
proteiii  in  ibe  uriue.  A  test-tiilje  k  half  filled  with  ihis  reageut,  aud  X\m  nriue  ullowed 
to  How  ui>on  itfl  surface  drop  by  drop  from  a  pipette  along  iIjc  wall  of  the  test-lube.  lu 
the  presence  of  proteid  a  w bite  ring  is  oMaiued  at  the  point  of  contact  lietw^eu  the  two 
iiquiiU.  Tbe  delicacy  uf  tliis  test  is  1  i  350000,  Jollks  '  does  Dot  consider  this  reagent 
suited  for  urines  very  poor  in  chloriDe,  and  for  this  reiison  be  has  clKinired  it  as  follows  : 
10  grtn.  mercuric  chloride,  20  grm.  succinic  acid,  10  grin,  NaCK  tuid  500  cc.  waier. 

Roch'9  Test,  Treat  tbe  urine  either  with  a  '2fy%  watery  solutian  of  sulphosalicjlic  acid 
or  a  few  crystals  of  liie  acid.  This  reagent  tloes  not  precipitate  the  uric  acid  or  tbe  resiu 
acids.* 

Aa  every  normal  urine  contains  traces  of  proteid,  it  is  apparent  that  very 
delicate  reagenta  are  only  to  he  nsed  witli  the  greatest  caution.  For 
ordinary  cases  TTelleu's  test  is  saffit^iently  delicate.  If  no  reliction  is 
obtained  with  this  test  within  2 J  to  3  minutes,  the  urine  tested  contains  less 
than  OJ)0:j^  proteid,  and  is  to  be  considered  free  from  proteid  in  tbe 
ordinary  sense. 

The  nse  of  precipitating  reagents  presumes  that  tlie  Tirine  to  be  investi- 
gated is  perfectly  clear,  especially  in  the  presence  of  only  very  little  proteid* 
The  nrine  must  first  be  filtered.  This  i^  tiot  easily  done  with  urine  con- 
taining bacteria,  hut  a  clear  uritie  may  be  obtained,  as  suggested  by 
A.  JoLLES,'  by  shaking  the  urine  with  iiifasorial  earth, 

Tbe  different  coloi-  read  ions  cannot  be  directly  nsed,  e8j>ec  tally  in  deep- 
colored  urines  which  only  contain  little  proteid.  The  common  salt  of  the 
urine  has  a  disturbing  action  on  Mnj.ox's  reagent.  To  prove  more  posi- 
tively the  presence  of  i^roteid,  the  precipitate  obtained  in  the  boiling  test 
may  be  Jiltered,  washed,  and  then  tested  with  Millqn's  reagent.  The 
precipitate  may  also  be  dissolved  in  dilute  alkali  and  the  biuret  test  applied 
to  the  solution.  The  presence  of  albumoses  or  peptones  in  the  nrine  is 
directly  tested  for  by  thia  last-mentioned  test  In  testing  the  urine  for 
proteid  one  should  never  be  satisfied  with  one  test  alone,  but  apply  the 
heat  test  and  Uelleu's  or  the  pottisBium-ferrocyanide  test.  In  using  the 
heat  test  alone  tbe  albamoses  may  be  easily  overlooked ,  but  these  are 
detected,  on  the  contrary,  by  Hkllek's,  or  the  potassium  ferrocyanide  test. 
If  we  use  only  one  of  these  tests,  we  get  no  snfHcient  intimation  of  the 
kind  of  proteid  present,  whether  it  consists  of  alhnmoses  or  coagulable 
proteid. 

For  practical  purposes  several  dry  reageatt  for  proteitl  hivve  been  recommended.  Be* 
•Idea  the  metaphoHpljoric  acid  may  be  mentiouL-d  Stutz*s  or  FuRBHrsGERS  gelatin 
capauUs,  which  eoniain  mercuric  chloride,  sodium  chlorivle,  und  cinic  iuid  ;  and  Gi:i8s- 
LERs^  albumin-teJt  papers,  which  consist  of  strips  of  filter- paper  whit  h  have  Itcvu  dipjud 
In  a  sulation  of  citric  acid  and  also  mercuric-chloride  and  potassium -iodide  solullou  and 
then  dried. 

If  the  presence  of  proteid  fiaa  been  positively  proved  in  the  urine  by  the 
above  tests,  it  then  remains  necessary  to  determine  the  variety. 

»  Spieglcr.  Wien.  klin.  Wochenschr.,  1802,  and  Centralbl  f.  d.  kiln.  Med..  1808{ 
Jolles,  Zeitachr.  f,  physio] .  Chem.,  Bd.  21. 

*  Pharmaceut.  Cenlmlhalle.  1889»  and  Zeitschr.  f.  anal.  Cbem,.  Bd.  2i>. 

•  Zeitachr.  f.  anab  Chem.,  Bd.  S9. 
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The  Detection  of  Globulin  (md  Albumin.  In  detecting  sergrobialin  the 
tiriae  is  exactly  neatralized,  filtered,  and  treated  witli  magnesium  snlphate 
in  substance  until  it  is  completely  satn rated  at  the  ordkiary  temperature,  or 
with  an  equal  volome  of  Ji  saturated  neutral  sokition  of  ammonium  sul- 
phate. In  both  cases  a  white,  tlocciilent  precipitate  is  formed  in  the 
presence  of  globulin.  In  using  ammoninrji  snlphate  with  a  urine  rich  iu 
urates  a  precipitate  consiatiug  of  ammonium  urate  may  separate.  Thia 
precipitate  does  not  appear  immediately,  but  only  after  a  certain  time,  and 
it  must  not  be  mistaken  for  the  globulin  precipitate^  In  detecting  ser- 
albumin heat  the  filtrate  from  the  globulin  precipitate  to  boiling-point  or 
add  about  M  acetic  acid  to  it  at  the  ordinary  temperature. 

Albumoses  and  peptones  have  l»een  repeatedly  found  in  the  urine  in 
different  diseases.  Reliable  reports  are  at  hand  on  the  occurrence  of  albu- 
nioses  in  the  urine*  The  statements  in  regard  to  the  occurrence  of  peptones  * 
date  in  part  from  a  time  wheu  the  conception  of  alburnoses  and  peptones 
was  different  from  that  of  the  present  day,  and  in  part  they  are  based 
tipon  investigations  nsing  u  a  trust  worthy  methods.  True  peptones  have 
not,  it  seems,  been  detected  in  urine,  and  what  has  been  designated  as  urine 
peptone  seem  to  have  been  chiefly  deutero-albnmose. 

In  detecting  the  albumosea  the  proteid-free  urine,  or  nrine  boiled  with 
addition  of  acetic  acid,  is  saturated  with  ammonium  sulphate,  winch  precipi- 
tates the  albumoses.  Several  errors  are  here  possihle.  The  urobilin,  which 
may  give  a  reaction  similar  to  the  biuret  reaction,  is  also  precipitated  and 
may  lead  to  mistakes  (Salkowski,  Stokvis").  A  small  quantity  of  the 
proteid  may  remain  in  solution  in  coagulation  which  may  be  precipitated 
Djr  the  ammonium  sulphate  and  be  mistaken  for  Ldbumoses,  The  coagulablo 
proteid  may  be  completely  precipitated  by  saturating  with  ammonium  sul- 
phate in  boiling  solution;  but  accortiing  to  Dkvoto*  small  quantities  of 
albninose  may  be  formed  from  the  proteid  by  heating  for  a  long  time  with 
the  salt.  On  heating  for  a  short  time  no  such  formation  of  albomose  takea 
place,  and  the  proteids  are  com]>letely  coagulated. 

For  these  reasons  Baxo  *  has  suggested  the  following  method  for  the 
detection  of  albumoses  in  the  presence  of  coagulable  proteid.  The  urine  ia 
heated  to  boiling  with  ammonium  sulpliate  (8  parts  to  10  parts  urine)  and 
boiled  for  a  few  seconds.  The  still  hot  liquid  is  centrifoged  for  ^  to  1 
minute  and  separated  from  the  sediment*  The  urobilin  is  removed  from 
thia  by  extraction  with  alcohol.  The  residue  is  suspended  in  a  little  water» 
heated  to  boiling,  filtered,  whereby  the  coagulable  proteid  ia  retained  on 
the  filter,  and  any  urobilin  still  present  in  the  filtrate  is  shaken  out  with 
chloroform.  The  watery  solution,  after  removal  of  the  chloroform,  is  used 
for  the  biuret  test.  P'or  clinical  purposes  this  method  is  very  serviceable. 
In  regard  to  other  more  complicated  methods  we  refer  to  Hcppert- 
Nevbal'er,  Ham-Analyse,  10.  Anfl, 

*  Iu  regard  to  the  littraturenn  idbuDinses  and  peptfinea  in  uriae  see  Huppert-Neu- 
bftuer,  Haru-AnaJyse,  10.  Aiitl  .  8.  466  to  493  ;  al&o  A,  StoHregea,  Ueberdiis  Vorkommea 
von  Pepiou  im  Harn,  Sputum  uod  Eiter  (Iiiaug,  Diss..  Dorpat,  1891);  IL  Hlisichfeldt, 
Ein  Beiirag  zur  Prage  der  PeplnDarle  (Inftug,  Disa.,  Dorpat,  1892);  aod  cBpuciHlly 
Budelniftim.  UiiierBtichuTigen  tlber  die  Peptoiiune.     Wiesbaden.  1894. 

'  Snlkowski.  Berliiu  klin.  Wochenachr.,  1897  ;  Stokvia.  Zeitsclir*  f,  Biologie,  Bd.  84* 
^         *  Zeil«cbr  t  physiol.  Chein.,  Bd.  15. 
H        ^  Deutscb*  iii«;d.  WocJiensolir.,  1898. 
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If  the  albnmoses  have  been  precipitated  from  a  larger  portion  of  ariMJ 
by  ammoiiinni  siiJpliate,  this  precipitate  is  tested  for  the  preeence  of  different 
albnmoses  for  the  reiisons  given  in  Cliapter  IL 

The  following  serves  as  a  preliminary  determination  of  the  kind  of 
albnmoses  present  in  the  nrine.     If  the  nrine  contains  only  deuteroalbnmoae 
it  iloosj  not  become  cloudy  on  boiling,  does  not  give  Heller's  test,  does  not 
become  clondy  on  saturating  with  NaOl  in  nentral  reaction,  but  does  become 
dandy  on  adding  acetic  acid  saturated  with  salt.     In  the  presenoe  of  onlj 
protalbumosej  the  nrine  gives  LIbller's  test,  is  precipitated  even  in  neulrd 
solution  on  saturating  with  NaCl,  but  does  not  coagulate  on  boiling.     Tbe 
presence  of  heteroalbiiniDse  is  shown  by  the  nrine  behaving  like  the  above 
with  NaCl  and  nitric  acid,  btit  shows  a  diflerence  on  heating.     It  gradaallj 
becomes  cloudy  on  warming,  and  separates  at  about  OQ''  C.  a  sticky  precipi- 
tate which  attaches  itself  to  the  sides  of  the  vessel  and  which  dissohea  at 
boiling  temperature  on  acidifying  the  urine,  and  reappears  on  cooling. 

Quantilaiive   Esiimafion  of  Froieid  in    Urine,     Of   all    the   methodi 
proposed  thos  far,  the  coAfUTLATioN  metuoi*  (boiling  with  the  addition  of 
acetic  acid)   when   performed   with   sufficient  care  gives  the  best  resulta. 
The   average   errors    need    never  amount  to   more  than  0.01^,  and  it  li 
generally  smaller.     In  nsing  this  method  it  is  best  to  first  find  how  roach 
acetic  acid  must  be  added   to  a  small  portion  of  urine,  which  has  been 
previously  heated  on  the  water-bath,  to  completely  separate  the  proteid  m 
that   the   filtrate   does   not   respond   to  Heller's   test.     Then   coagnhte 
20-50-100  CO.  of  the  urine.      Pour  the  urine  into  a  beaker  and  heat  on  the 
water-bath,  add  the  required  qtiantity  of  acetic  acid  slowly,  stirring  con- 
Btantly,  and  heat  at  the  same  time.      Filter  while  warm,  wash  first  with 
water,  then  with  alcohol  and  ether,  dry  and  weigh,  incinerate  and  weigh 
again.      In  exact  determinations  the  filtrate  mast  not  give  IIkller^s  te^t 

The  separate  estimation  of  gluul'Lins  and  albumins  is  done  by  care- 
folly   neiitraUzing   the   nrine   and    precipitating   witli    MgSO^   added    to 
sataration  (IIammabsten),  or  simply  by  adding  an   equal  volume  of  ai 
Baturated  neutral  solution  of  ammonium  sulphate  {Hofmelsteh  and  Pohl').j 
The  precipitate  consisting  of  globulin  is  tiioroughiy  washed  with  a  saturat 
magnesinm-sulphate  or  half-saturated  ammonium-sulphate  sohitiou,   dried' 
continuously  at  110^   C,  boiled   with  water,  extracted  with   alcohol  und 
ether,  then  dried,  weighed,  ashed,  and  weighed  again.     The  quantity  offl 
albumin  is  calculated  as  the  dilTerence  between  the  quantity  of  globulinta 
and  the  total  proteids. 

Approximate  Estimation  of  Froieid  in    Urine,     Of  tlie  methods  tiig-^ 

fested   for  this  parpose  none  has  been  more  extensively  employed   tha 
Isbacu'r. 

EsBACH*s"  Method.     The  acidified  urine  (acidified  with  acetic  acid) 
poured  into  a  specially  graduated  tube  to  a  certain  mark,  and  then  tbi 
reagent  (a  2;^  citric-acid  and  1;^  picric-acid  solution  in  water)  is  added  ta  i 
second  mark,  the  tube  closed  with  a  rubber  stopper  and  carefully  shaken, 
avoiding  the  production  of  froth.     The  tube  is  allowed  to  stand  24  houn*^ 


^  Hftmmaraien,  PUnger'i  Arcb.,  Bd.  17  ;  Hofriieister  and  Pohl,  Arch.  f.  cxp.  Plmll^^ 
It.  Phurm.,  Bil.  20. 

*  Id  rcgiird  to  tbe  HUTaiiirc  on  this  meiliorl  aud  tbe  numtiTOui  exporSmeota  to  de 
mine  its  value  see  Huppert-NeubaueT,  10.  Aud.,  S.  853. 
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and  then  the  height  of  the  precipitate  in  the  graduated  to  be  is  read  off. 

The  reading  gives  directly  the  qnantity  of  proteid  in   1000   parts  of  the 

orine.  Urines  rich  in  proteid  mnat  first  be  dilated  with  water.  Tlie 
lireenlts  obtained  by  this  methotl  are,  however,  dependent  upon  the  tempera- 
'tare;    and    a   difference   in  temperature  of  5""  to  6.5^  (■.  may  in   urioea 

containing  a  medium  quantity  of  proteid  cause  an  error  of  0.2-0.3^  defi- 

^ciency  or  excess  (Ciiristensen  and  Myoge*).  This  method  is  only  to  be 
used  in  a  room  in  which  the  temperature  may  be  kept  nearly  constant. 
The  directions  for  its  use  accompany  the  apparaUie. 

Other  metboils  for  the  approximate  estimation  of  proteid  are  tbeopiicul  nietbods  of 

^.'IrBlSTE^BRN  rind  Myoqe»  of  Roberts  and  Stolnikow  as  modftied  by  Bhandberg, 
Willi  Hellkr'b  test,  which  hjis  beeu  aiuiplitied  for  practical  jmrposes  bj  Mittelbacu. 
The  density  methods  of  Lakg,  HufPEttT.  and  Zahoh  are  also  very  good.     In  repaid  ta 


these  and  other  methods  we  refer  to  HirppBiiT-NEUBAUEii'8  Ham- Analyse,  10  Aijtl. 
L      We  have  for  the  pre&ent  no  trustworthy  method  for  the  quantitative  estimatiou  of  al> 
Ibumases  and  peptone  in  the  urine. 


I 

H  Nucleoalhttmin  and  Mucin.  According  to  K.  Murneb  traces  of  nrinary 
inneoid  may  pass  into  solntion  in  the  nrine;  otherwise  normal  oritie  con- 
tains no  mncin.  There  is  no  doubt  that  we  may  ha?e  cases  where  trne 
mocin  appears  in  the  mine;  in  most  cases  mncin  has  prohably  been 
mistaken  for  so-called  nucleoalbnmin.  The  occnrreiice,  onder  some  circivra- 
Btances,  of  nacleoalbumin  in  the  nrine  is  not  to  be  denied,  as  such  substances 
oocnr  in  the  kidneys  and  nrinary  passages ;  still  in  most  cases  this  nttcleo- 
albamin,  as  shown  by  K.  Mqrner/  is  of  an  entirely  different  kind. 

Every  nrine,  according  to  Morner,  contains  a  little  proteid  and  in 
aildition  substances  precipitating  proteid*  If  the  nrine  freed  from  salts  by 
dialysis  is  shaken  with  chloroform  after  the  addition  of  1-2  j>.  m.  acetic 
acid,  a  precipitate  is  obtained  which  aets  like  a  nncleoalbnrain.  If  the  acid 
filtrate  is  treated  with  Beralbnmiu,  a  new  and  similar  precipitate  is  ol)tained 
due  to  the  presence  of  a  residue  of  the  substance  precipitating  proteids. 
The  most  important  of  these  proteid -precipitating  substances  is  chon- 
droitin-sulphnric  acid  and  nucleic  acid,  although  to  a  much  smaller  extent. 
Taurocholic  acid  may  in  a  few  cases,  especially  in  icteric  urines,  be  precipi- 
tated- The  substances  isolated  by  dififereot  investigators  from  urine  by  the 
addition  of  acetic  acid  and  called  *'  dissolved  mncin  "  or  **  nncleoalbomin  *' 
are  considered  by  Moener  as  a  combination  of  proteid  with  chielly  clion- 
droi tin-sulphuric  acid,  and  to  a  less  extent  with  nucleic  acid,  and  also  perhapa 
with  taurocholic  acid. 

As  normal  urine  habitually  contains  an  excess  of  substance  precipitating 
proteids,  it  is  apparent  that  an  increased  elimination  of  so-oalJed  nucleo- 
albumin  may  be  caused  aimply  by  an  increased  elimination  of  proteid, 
This  liappena  to  a  still  greater  extent  in  cases  wbere  the  proteid  as  well  aa 
the  proteid-precipitating  substance  is  eliminated  to  an  increased  extent, 

1  Chrisieosen.  Yirchow's  Arch.,  Bd.  115. 
<  Skaud.  ArcU,  f.  PhvaioL,  Bd.  6. 
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Detedion  of  so-calUd  Knchoalhumins.     When  a  nrine  becomes  elc^ndj 
or  precipitated  on  the  addition  of  acetic  acid,  and  when  it  gives  a  more 
typical  reaction  with  Heller's  test  after  dilution  of  the  nrine  than  before, 
one  ie  jurttifiud  in  making  tests  for  nmcin  and  nucleoalbnmin.     Am  the  sail 
of  the  urine  interferes  considerably  with  tlie  precipitation  of  these  sabgtaucei 
by  acetic  acid,  they  must  first  be  removed  by  dialysis.     As  large  a  qoantitT 
of  urine  as  possible  is  dialyzed  (with  the  addition  of  chloroform)  antil  tbt 
salts  are  remoYed.    Then  acetic  acid  is  a<Ued  nntil  ifc  contains  2  {Mn.^and  it 
allowed  to  stand*     The  precipitate  is  dissolved  in  water  by  the  aid  of  tie 
smallest  possible  quantity  of  alkali  and  precipitated  again.     In  testing  for 
chondroitin-siilphuric  acid  apart  is  wanned  on  the  water-bath  with  about  5< 
hydrochloric  acid.     If  positive  results  are  obtained  on  te&ting  for  ealphnric 
acid  and  reducing  sobstance,  then  chondroproteid  was  present.     If  a  ^ed[3^ 
ing  fiabstance  can  be  detected  bnt  no  snlpburic  acid,  then  mucin  is  probably 
there*     If  it  does  not  contain  any  sulphuric  acid  or  reducing  sabstance,  i 
part  of  the  precipitate  is  exposed  to  pepsin  digestion  and  another  part  naed 
for  the  determination  of  tmy  organic  phosphorus.     If  positive  resulu  are 
obtained  from  these  tests,  then  we  must  differentiate  between  nacleoalbumin 
and  uncleoproteid  by  special  tests  for  nneleiu  bases.     No  positive  conclusion 
can  be  drawn  except  by  using  very  large  qnantities  of  nrine. 

Nndiohuton^  Id  a  caac  uf  pseiKU»leuca?mia  A,  Jollks  found  u  phoffplioriz^Ml  prrtitk 
sub.stnnctj  which  he  consiiiei-s  as  nleniienl  with  nuc]tH>histon.  UuUm  Xa  claimed  ti>  b»rc 
heeu  fatmil  iti  some  cases  by  Kkeul  iim]  Matthki*  ami  by  Koijscu  und  BduiakJ 

Blood  and  Blood-coloring  Matters.  The  urine  may  contain  blood  from 
hemorrhage  in  the  kidneys  or  other  parte  of  the  urinary  passages  (iLOi* 
tuiua).  In  these  cases,  when  the  quantity  of  blood  is  not  very  small,  tto 
urine  is  more  or  less  cloudy  and  colored  reddish^  yellowish  red*  dirty  reii 
browuish  red,  or  dark  brown.  In  recent  hemorrhages,  in  which  the  blood 
lias  not  decomposed,  the  color  is  nearer  blood-red.  Blood-corpnaclee  ©aj 
be  found  in  the  sediment,  sometimes  also  blood-casts  and  smaller  or  larger 
blood-clots. 

In  certain  cases  the  nrine  contains  no  blood-corpnscles^  but  only  ^\^ 
solved  blood-coloring  matters,  hajmoglobin  or,  and  indeed  quite  ofteo, 
methoemoglobin  (H^MOuLoiiiNUitiA).  The  blood-pigments  appear  in  the 
nrine  under  different  conditions,  as  in  dissolution  of  blood  in  poiaoniag  with 
arseniuretted  hydrogen,  chlorates,  etc,  after  serions  burns,  after  transfusion 
of  blood,  and  also  in  the  periodic  appearance  of  haimoglobinnria  wi*h  fever. 
In  hiemoglobinuria  the  nrine  may  also  have  an  abnmlant  grayish-bro^ 
sediment  rich  in  proteid  which  contains  the  remains  of  the  stromata  of  tli^ 
red  blood-corpuscles.  Iti  animals  lni?moglobinuria  may  be  produceiJ  ^) 
many  causes  which  force  free  hemoglobin  into  the  plasma* 

To  detect  blood  in  the  urine  we  make  use  of  the  microscope,  spectro^ 
scope,  the  guaiacnm  test,  and  IIellek'8  or  Heller-Tkichmann's  test 

Microscopic  Invesiigaiion.  The  blood-corpuscles  may  remain  nndis8oW( 
for  a  long  time  in  acid  urine;  in  alkaline  nrine,  on  the  contrary,  the;  ai 


\ 


*Jollt?.%  Ber.   (L  deulsch.  cbem.   Gesellaeh.,  BcL  30 ;  Krehl  ami  Matthi»,  DeuUckJ 
Arch.  f.  klb.  Med.,  Bd.  U  [  Kolisch  aiid  Burian,  Zuitschr.  f.  kUu.  Med.,  Bd.  39. 
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easily  changed  and  dissolved.  They  often  appear  entirely  unchanged  in  fcho 
sediment  J  in  some  cafles  they  are  distended,  and  in  otliers  unequally  pointed 
or  jagged  like  a  thorn-apple.  In  hemorrhage  of  the  kidneys  a  cylindrical 
clot  is  somedrnes  found  in  the  Bedinicot,  which  is  covered  with  numerous 
red  blood-corpusclea,  forming  casts  of  the  urinary  passages.  These  forma- 
tions are  called  blood-casts. 

The  spectroscopic  invesiiffaiiou  is  naturally  of  very  great  ralne;  and  if 
it  be  neceestiry  to  determine  not  only  the  presence  bat  also  the  kind  of 
coloring  matter,  this  method  is  indispensable.  In  regard  to  tlie  optical 
behavior  of  the  various  blood-pigments  we  must  refer  to  Chapter  VL 

(hfaiacum  Ttst,  Mix  in  a  test-tabe  equal  volumes  of  tincture  of 
laiacnm  and  old  turpentine  which  has  become  stroogly  ozonized  by  the 
action  of  air  under  the  influence  of  light.  To  this  mixture,  which  must  not 
have  the  slightest  blue  color,  add  the  urine  to  be  tested.  In  the  presence 
of  blood  or  blood  pigments,  first  a  blnkh-gre'^n  and  then  a  beautiful  blue 
ring  appears  where  the  two  liquids  meet.  On  shaking  the  mixture  it 
becomes  more  or  less  blue.  Normal  nnne  or  one  containing  proteid  does 
not  gi^e  this  reaction.  For  the  explanation  of  this  we  must  refer  the  reader 
to  Chapter  VI,  page  14*-2.  Urine  coiitaining  pus,  although  no  blood  is 
present^  gives  a  blue  color  with  these  reagents;  but  in  this  case  the  tincture 
of  guaiacnm  alone,  without  turpentine,  is  colored  blue  by  the  urine 
(ViTAij  '),  This  is  at  least  true  for  a  tincture  that  has  been  exposed  for 
some  time  to  the  action  of  air  and  sunlight.  The  blue  color  produced  by 
pus  differs  from  that  produced  by  blood -coloring  matters  by  di8api>earing  on 
heating  the  urine  to  boiling.  A  urine  alkaline  by  decomposition  must  first 
be  made  faintly  acid  before  performing  the  reaction.  The  turpentine 
should  be  kept  exposed  to  sunlight,  while  the  tincture  of  guaiacnm  most 
be  kept  in  a  dark  glass  bottle.  These  reagents  to  be  of  use  must  be  con- 
trolled by  a  liquid  containing  blood.  This  test,  it  is  true,  in  positive  resnlta 
is  not  absolutely  decisive,  because  other  bodies  may  give  a  blue  reaction;  but 
when  properly  performed  it  is  so  extremely  deliciite  that  when  it  givea 
negative  results  any  other  test  for  blood  is  superfluous. 

Heller-Teichmann's  Test,  If  a  neutral  or  faintly  acid  nrine  contain- 
ing blood  is  heated  to  boiling,  we  always  obtain  a  mottled  precijjitate 
consisting  of  proteid  and  htematin.  If  caustic  soda  is  added  to  the  boiling- 
hot  test,  the  liquid  becomes  clear  and  turns  green  when  examined  in  thin 
layers  (ihie  to  haematin  alkali),  and  a  red  precipitate,  appearing  green  by 
relllectei]  light,  re-forms^  consisting  of  earthy  phosphates  and  htt?matin. 
This  r(^:ictinn  is  called  Heller^s  blood-test.  If  this  precipitate  is  collected 
after  31  time  on  a  small  filter,  it  may  be  used  for  the  hf^min  test  (see  page 
15u),  If  the  precipitate  contains  only  a  little  blood -coloring  matter  with  a 
largc?r  fiTuintity  of  earthy  phosphates,  then  wash  it  with  dilute  acetic  acid, 


See  Haly'a  Jabresber.,  Bd.  18. 
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which  dissolves  the  earthy  phosphates,  and  use  the  reeidne  for  the  prepati'l 
tion  of  Tejchmakk's  hremin  crystals.  If,  on  the  contrary,  the  amount  of  I 
phosphates  is  very  small,  then  iirst  add  a  little  CaCI,  sol  a  tion  to  the  uriue^  j 
heat  to  boiling,  and  add  simiiUaneously  with  the  caastie  potash  mm^\ 
Bodium-phoBphate  solution.  In  the  presence  of  only  very  small  quaniitifli 
of  blood,  first  nmke  the  iiriDe  very  faintly  akaline  with  ammonia, 
tannic  acid,  acidify  with  acetic  acid,  and  use  the  precipitate  in  the  prep 
tion  of  t!ie  ha?niin  crystals  (Strl^ve'). 

Hcematoporphyrin.     Since  the  occnrrence  of  hfematoporphyrin  in  th« 
urine  in  various  diseases  has  been  made  very  probable  by  several  in?esti-l 
gators,   snch  m    Neusseu,    Stokvis,    MacMunn,    Le    Nouel,   Russel,/ 
CoPEMAN,  and  others/""  Salkowski  has  positively  shown  the  presence  ofl 
this  pigment  in  the  urine  after  siilphonul  intoxication.     It  was  first  isolated f 
in  a  pure  crystalline  state  by   IIammarsten  *  from  the  urine  of  insan&l 
women  after  sulphonal  intoxication.     According  to  Gariiod  and  Saillit* 
traces    of    hcematoporphyrin    (Saillet^s    nroepectrin)    occar   regnkrlj  in 
normal  urines.     It  is  also  found   in   the  urine  during  different  difieasM, 
altbongh  it  only  occurs  in  small  quantities.     It  has  been  found  in  consider- 
able quantities  in  the  urine  after  intoxication  with  sulphonal. 

Urine  containing  htematoporpbyrin  is  sometimes  only  slightly  c^loredt  I 
while  in  other  cases,  as  for  example  after  the  use  of  sulphonal,  it  is  more  or 
less  deep  red  in  color.     The  color  depends  in  these  last-mentioned  casee,  inj 
greatest  part,  not  upon  luematoporphyrin,  but  upon  other  red  or  reddish- 
brown  pigments  which  have  not  been  sufficiently  studied. 

In  the  detection  of  small  quantities  of  hiematoporphyrin  proceed  ag  sug- 
gested by  Gakuod.  Precipitate  the  urine  with  a  10;^  cans  tic-soda  solation 
(20  CO,  for  every  100  c.c.  orine).  The  phosphate  precipitate  containing 
the  pigment  is  dissolved  in  alcohol  hydrochloric  acid  (IS^-tJO  c.c.)  and  the 
BoIiUiou  iuveatigated  by  the  spectroscope.  In  more  exact  investigation 
make  the  solotioo  alkaline  with  ammonia,  add  enough  acetic  acid  to  dis- 
solve the  jdiosphate  precipitate,  shake  with  chloroform,  which  takee  up  the  ] 
pigment,  and  test  this  solution  with  the  spectroscope. 

In  the  presence  of  larger  (inantities  of  lia^matoporphyrin  the  urine  is  fti«t' 
precipitated,  according  to  8alkowski,  with  an  alkline  barium-chloride  sola- 
tion (a  mixture  of  equal  volumes  of  barium -hydrate  solution,  saturated  in 
the  cold  and  a  W%  bariam-chloride  solution),  or,  according  to  IIammabtsE3?/I 
with  a  barinm-acetate  solution.     The  washed  precipitate,  which  coatttioa^ 


»  Zeitsclin  f.  Qual  Clieai.,  Btl.  IL 

•  A  \'Vi\y  coinplcltj  iuikx  of  the  Uleraturt;  ou  hsEraatoporpbyriu  iu  tbe  urine  may  i^*  ■ 
found  in  It.  Zoja,  Su  qualche  pJgmeato  di  alcuae  urioe,  etc,  in  A.rcb.  Ital.  dl  cUo- 
Med.,  1S93. 

•  Sidkowski.  Ztfitschn  f.  phyeiol.  Chem.,  Btl.   15;    Hammarsteo,  Skaad.  Aidi.  t 
PliysitiL.  BiL  3. 

^  Garrod.  Journ.  of  Physiol.  Vola.  18(oontaimi  review  of  literalure)  and  17 :  Saillet, 
Bevue  de  uieticeiD^,  Tome  IG. 

•  Salkowski,  L  c. ;  Hamoiarstcu,  1.  c. 
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the  hfematoporphyrin,  is  allowed  to  stand  some  time  at  tbe  temperature  of 
the  room  with  alcohol  containing  hydrochloric  or  anlphnric  acid  and  then 
filtered.  The  filtrate  shows  the  characteristic  Bpectnim  of  haematoporphyrin 
in  acid  solntion,  and  gives  the  spectrum  of  alkaline  ha^niatoporphyrin  after 
saturation  with  ammonia.  If  the  alcoholic  solution  is  mixed  with  cliioro- 
form  and  a  large  quantity  of  water  added  and  carefully  shaken ^  gomt^rineg 
a  lower  layer  of  chloroform  is  obtained  wlilch  contains  very  pnre  hsemato- 
porphyrin,  while  the  upper  layer  of  alcohol  and  water  contains  the  other 
pigments  besides  some  ha^matoporphyrin. 

Other  metbods,  whicli  have  no  lulvrmtage  over  Garrod's  method,  liave  beeo  Bug- 
^esteii  by  Hita  and  Zoja  as  nvell  &s  SailletJ 

Bacmbtark'  found  in  a  tase  of  lupMsy  two  chamcleristlc  coloriog  mailers  in  ihe 
urine.  **  urnruljrohtemalln**  and  '' iirofoFrohffiuiatiii,"  which,  as  their  rtaines  indicate, 
aeera  to  siaud  in  close  relaUouship  lo  the  blood  coloring  miitiers,  Urornbrohmnatht , 
C«»Hi4N,Fe^O„  ,  coDtatMs  iron  and  shnws  in  acitl  solalion  an  absor|>iion-biind  in  front 
of  D  and  a  broader  one  back  of  D.  In  aikalinc  aolution  It  shows  four  bands — hebiud 
I),  at  E,  beyond  F^  and  behind  G.  It  is  not  soluble  eiilier  in  water,  alcohol,  ether,  or 
chloroform.  It  gives  a  benutiful  browuiBh-red  iHin-diehroiiic  liquid  with  alkalies. 
Urtjftuicohcsmatiri,  C**HioiN«0,» .  whkh  ia  free  from  iron,  shows  no  cbaracterifltic 
irum  ;  it  diasolvea  in  alkalies,  producing  a  brown  color.  It  remains  to  be  proved 
fther  these  two  pignieots  are  ri'hite<l  lo  (impure)  ba^malopoi-phyriD, 

Malanin,  In  the  prcsenct?  of  melanoiic  caucerB  dnrk  pigments  are  sometimes  elim- 
iaated  with  the  urine.  K.  Mr>itNEit  baa  lESolatiid  two  pigments  from  such  a  urine,  of 
which  one  was  soluble  in  warm  50-75^  acetic  acid,  and  the  other,  on  the  contrnry,  was 
inecduble.  The  one  seemed  lo  he  phpmat&rhvtin  (see  Chfspler  XVI).  UBUiiHy  Ihe  urine 
does  not  contain  any  melanin,  but  a  chromo^en  of  melanin^  a  meiunogrn.  In  such 
caacs  the  urine  gives  Eibelt's  reuctioa,  btfoming  dark-colored  with  oxidiaiug  ai^enta 
ttieh  nM  concentrate  nitric  aekl,  polnHdum  bichromate  and  sulphuric  acid,  aa  well  as 
with  free  sulphuric  acid.  Urine  containing  melanin  or  melanogen  is  colored  black  by 
ferric'cbloride  solution  (v.  Jaksce'). 

Urorot«in,  so  Damed  by  Nencki^^  is  a  urinary  coloring  matter  occurring  in  various 
diseases,  but  which  ia  not  a  constituent  of  normal  urine.  The  pi^mient  doesi  not  occur 
preformed  in  the  urine,  but  first  makes  its  appeamnee  after  the  addition  of  nnneral  aeids. 
It  is  readily  soluble  in  water,  dilute  mineral  acids,  eiliyl  und  amyl  alcnbol  It  fa 
removed  from  the  acid  urine  by  shaking  with  amyl  alcohob  It  differs  from  iiidigored 
Id  the  following  :  Alkalies  immediately  decolorlsie  a  urorosein  solniion,  Ijut  nnt  fni  indigo- 
red  solution.  Urorosein  is  removed  frum  ilsamyl-alcobol  soluiion^  b?  sbjtkinir  wuh 
dilute  alkali,  while  indigo-red  ia  mjt.  If  the  acid  urine  is  shaken  with  f  hloroform, 
indigo-red  is  taken  up  but  not  urorosein.  Urorosein  la  soon  decompoHcd  by  light  and 
shovTS  a  sharply  defined  absorption -bruid  l)el ween />  and  E.  The  red  piL'mtnt  appear- 
ing in  urines  rich  in  skatol  afier  the  addition  of  hydrochloric  acid  differ^  froin  urttrosein 
by  being  insoluble  in  water,  luit  being  readily  soluble  ii»  etlier  and  cblorofonn* 

'  Pui  occurs  in  the  tin  do  in  different  inflammatory  affections,  especially 
in  catarrh  of  the  bladder  and  in  inflammation  of  the  pelvis  of  the  kidneys  or 
the  urethra. 

PtiS  i>  best  detected  by  means  of  the  microscope.  The  pus-cells  are 
rather  easily  destroyed  in  alkaline  urines.  In  delecting  i>u3  wo  make  use 
of  Doxxe's  pus-test,  which  is  performed  in  the  following  way:  Pour  off  the 
urine  from  the  sediment  as  carefully  as  possible,  place  a  small  piece  of 
caustic  alkali  on  the  sediment,  and  stir.  If  the  pus-eells  have  not  been 
previoualy  changed,  the  sediment  ia  converted  by  this  means  into  a  sJimy 
tough  mass. 


*  UlTaand  Zoja,  Maly's  Jabresber..  Bd.  24  ;  Saillet,  1.  c. 
'  PflUger's  Arch.,  Bd.  9. 

*  K.  M(>rner.  Zeitschr,  f.  phyaioL  Chem.,  Bd.  11  ;  t.  Jaksch,  ibid.,  Bd. 

*  Nencki  and  Sieber,  Jonni.  f ,  prakl.  Chem.  (N.  F. ),  Bd.  26. 
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The  pus-corpuBcles  swell  tip  in  albdine  urines,  dissolve,  or  at  least  are 
BO  changed  thtit  they  cannot  he  recognized  nnder  the  microscope,  Tb§ 
nrine  in  lliese  eases  is  more  or  less  slimy  or  fibrous,  and  it  is  precipitated  in 
largo  Hakes  by  acetic  acid,  so  that  it  may  possibly  be  mistaken  for  mucin. 
The  closer  iuTeetigation  of  the  precipitate  produced  by  acetic  acidi  and 
especially  tlie  appearance  or  non-appearance  of  a  reducing  substance  after 
boiling  it  with  a  mineral  aeid,  d l^ oi on st rates  the  nature  of  the  precipitated 
substance.     Urine  containing  |>U8  always  contains  proteid. 

Bile-acids.  The  reports  in  regard  to  the  occurrence  of  bile-iicidf 
in  the  urine  under  physiological  conditions  do  not  agree.  According*  to 
Dragendurff  and  LLoxe  traces  of  bile-aeids  occur  in  the  urine;  according 
to  Mackay  and  v.  Udranszky  and  K.  Morner*  they  do  not.  PatiiO- 
logically  they  are  present  in  the  urine  in  hepatogenic  icterus,  although  not 
invariably. 

Detection  of  Bile-acids  in  the  Urine,  Pettenkofer's  test  gives  the  most 
decisive  reaction;  but  as  it  gives  similar  color  reactions  with  other  bodies,  it 
must  be  supplemented  by  the  si>ectro8copic  investigation.  The  direct  test 
for  bile-acid  a  is  easy  after  the  addition  of  traces  of  bile  to  a  normal  urine. 
Eut  the  direct  detection  in  a  colored  icteric  urine  is  more  difticult  and  gives 
very  misleading  results;  the  bile-itcid  must  therefore  always  be  isolated  from 
the  urine.  Tliis  may  be  done  by  the  following  method  of  Hoppe-SeyleBj 
which  is  slightly  modified  in  non-essential  {>oiots. 

Hoppe-Seyler's  Methoii.  Concentrate  the  urine,  and  extract  the 
residue  with  strong  alcohol.  The  filtrate  is  freed  from  alcohol  by  evap- 
orution  and  then  precipitated  by  basic  lead  acetate  and  ammonia.  The 
washed  precipitate  is  tre^ited  with  boiling  alcohoh  filtered  hot,  the  filtrate 
treated  with  a  few  drops  of  soda  solution,  and  evaporated  to  dryness.  The 
dry  residue  is  extracted  with  almolute  alcohol,  filtered,  and  an  exce«3  of 
ether  added.  The  amorphous  or,  after  a  longer  time,  crystalline  precipitatB 
consisting  of  alkali  salts  of  the  biliary  acids  le  used  in  performing  PrrriN"- 
kofer's  test. 

Bile-coloring  matters  occur  in  the  urine  in  different  forms  of  icterus. 
A  urine  containing  bile- pigments  is  always  abnormally  colored— yellow, 
yellowigh  brown,  deep  brown,  greenish  yellow,  greenish  brown,  or  nearly 
pure  green.  On  shakiug  it  froths,  and  the  bubbles  are  yellow  or  yellowish 
green  in  color.  As  a  rule  icteric  urine  is  somewhat  cloudy^  and  the  setU- 
ment  is  frequently,  especially  when  it  contains  epithelium-cells,  rather 
strongly  colored  by  the  bile-pigments.  In  regard  to  the  occurrence  of 
nrf  jilin  in  icteric  urine  see  page  456. 

Ddection  of  Bile'coloring  Matters  in  Urine.  Many  tests  have  been  pro- 
posed for  tlie  detection  of  bile-coloring  matters.  Ordinarily  we  obtain  the 
beat  results  cither  with  Gmelin's  or  with  Hupperts  test. 

Gmelix^s  fenf  may  be  applied  directly  to  the  urine  ;  but  it  is  betterlo 
use  llosENBACii's  modification.  Through  a  very  small  filter  filter  the 
tirine,  which  is  deep-colored  from  the  retained  epithelium -cells  and  bodies 


^  Oiled  fruni  Hupperl-Neubauer,  HarD-Aaalyic.  10.  Aufi,,  8.  899. 
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of  that  nature.  After  the  liquid  has  entirely  passed  through  apply  to  the 
inside  of  the  filter  a  drop  of  nitric  add  which  contains  only  very  little 
nitrous  acid.  A  pale-yellow  spot  will  be  formed  which  is  surrounded  by 
colored  rings  which  appear  yellowish  red,  violet,  blue,  and  green  fi-om 
within  outward.  This  modification  is  very  delicate,  and  it  is  hardly  possi- 
ble to  mistake  indican  and  other  coloring  matters  for  the  bile-pi^ienta. 
Several  other  moditieations  of  Gmelin*8  direct  test,  e.g,,  with  concentrated 
Bulphnric  acid  and  nitrate,  etc.,  have  been  proposed,  but  they  are  neither 
simpler  nor  more  delicate  than  Hosenbach's  niodification, 

Hl'pferts  Reactmi.  In  a  darkn^olored  urine  or  one  rich  in  indiean 
we  do  not  always  obtain  good  results  with  Gmelix's  test.  In  such  cases, 
as  also  in  urines  containing  blood-coloring  mutters  at  the  same  time,  the 
urine  is  treated  with  linic-water*  or  first  with  some  C'aCl,  solution,  and  then 
with  a  solution  of  soda  or  ammonium  carbonate.  Tiie  precipitate  which 
contains  the  bile -coloring  matters  is  filtered,  wiished*  dissolved  in  alcohol 
which  contains  5  c.c»  concentrated  hydrochloric  acid  in  100  c.c,  (L  MuKK  *), 
and  heated  to  boiling  when  the  solution  becomes  green  or  bluish-ureen. 

II AMM  aesten's  Rmvtion.  For  ordinary  cases  it  is  sutlicient  to  add  a  few 
drops  of  the  urine  to  about  2-3  c.c.  of  the  reagent  (see  page  235),  when  the 
miiture  immediately  after  shaking  turns  a  beautiful  green  or  bluish  green, 
which  remains  for  several  days.  In  the  presence  of  only  very  small  quan<* 
titles  of  bile-pigments,  especially  with  blood  or  other  pigments  at  the  same 
time,  pour  about  10  c.c.  of  the  acid  or  nearly  neutral  (not  alkaline)  urine 
into  the  tube  of  a  small  centrifugal  machine,  and  add  BaCl,  solution  and  cen- 
trifuge for  about  one  minute.  The  liquid  is  decanted  off  and  the  sediment 
stirred  with  about  1  c.c.  of  the  reagent  and  centrifuged  again.  A  beautiful 
green  solution  is  obtained,  which  may  be  changed  by  the  addition  of  in- 
creased fjuautities  of  the  a<:'id  mixture  to  blue,  violet,  red,  and  reddish  yel- 
low. The  green  color  may  be  obtained  in  the  presence  of  \  |iart  bile*pig- 
ment  in  500,000-1,000,000  partis  urine.  In  the  presence  of  large  amounts 
of  other  pigments  calcium  chloride  is  better  suited  than  barium  chloride. 

The  very  delicate  reaction  as  suggested  by  Jolles  is  unfortunately  not 
eerviceable  on  account  of  the  formation  of  froth,  especially  in  the  presence  of 
proteid  and  blood-pigments, 

Stokvis's  7'mr/i'oji  is  especially  valuable  as  a  control  test  in  those  caees 
in  which  the  urine  contains  only  very  little  bile-coloring  matter  together  with 
larger  quantities  of  other  coloring  matters.  The  test  is  performed  jis  fol- 
lows: 20-30  c.c.  urine  is  treated  with  5-10  c,c.  of  a  solution  of  zinc  ace* 
tate  (1  :  5).  The  precipitate  is  washed  on  a  soiall  filter  with  water  and  then 
dissolved  in  a  little  ammonia.  The  new  filtrate  gives,  either  directly  or  after 
it  hiis  stood  a  short  time  in  the  air  until  it  has  a  peculiar  brownish-green 
color,  the  absorption-bands  of  bilicyauin  (see  page  235).  This  reaction  ia 
unfortunately  not  sufficiently  delicate. 

Many  other  reactions  for  bile-coloring  matters  in  the  urine  have  been 
proposed;  but  as  those  above  mentioned  are  sufficient,  it  is  perhaps  only  nec- 
esaary  to  give  here  a  few  of  the  other  reactions^  without  entering  into  detaUs. 

Ui-TZMANN'rt  fftietwn  coDsfsis  in  Irealiog  about  10  c.  c.  of  the  tirfne  with  3*4  C-  c 
coneetttrated  catisiic-polash  solutioD  and  iheu  acidifying  wUb  hydrochloric  acid.  The 
uHuc  will  become  t\  beautiful  srreeii. 

Smith's  Hnution,     Pour  cnrefuny  over  the  urine  tincture  of  todttie,  whereby  a  green 


Du  Boifl-Reymond*8  AidiM  1886. 
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rla^  nppi'ara  between  the  two  liquids.  You  maj  also  shako  the  urlDe  with  tinriufeoF 
Iodine  until  it  baa  a  green  color. 

Ehrlich*s  I'tat.  First  uiix  the  urine  with  an  equiil  volume  of  dilute  acetic  acid  tod 
theu  add  drop  by  drop  a  solution  of  siiilphi>-diiiZobenzol.  The  acid  mixture  b«€00i«| 
dark  red  in  ilie  pruaeuce  of  biliruLiiQ,  and  thifl  coh»r  becomes  bluish  violet  f>ri  ttieaddi* 
tlun  of  gUcial  acetic  acid,  Tbe  iulpbo-diuzobensol  is  prepared  with  1  gnu.  sulpliAoilic 
acid.  15  c.  v.  hydrochloric  acid,  and  0.1  grin,  flodium  niirite  ;  this  soluiTon  is  diluted  to 
1  litre  with  water. 

Medicikal  coLOKiNG  MATTERS  i>roduced  froiu  sautonla,  rhubarb,  senua,  etc..  mtj 
g'lve  au  abnormal  color  to  the  uriue  wliicb  maybe  luistiiken  for  bile-coloring  nmlteisgr, 
io  alkaline  urines,  perhaps  for  blood-coloring  matters.  If  hydrochloric  acid  is  added U) 
Bucb  a  urine,  it  becomes  yellow  or  pale  yelluw,  while  oq  the  addition  of  an  exceaof 
alkali  It  becomes  a  more  or  less  beautiful  red. 

Sugar  in  Urine. 

The  occurronce  of  traces  of  grape-sugar  in  the  urine  of  perfectly  healthj 
persons  has  been,  as  above  stated  (jiage  450),  quite  positively  proved.  If 
eugar  appears  in  the  urine  in  constant  and  especially  in  large  quantities,  it 
must  be  considered  as  an  abnormal  constituent.  We  have  given  in  a  pre* 
vious  chapter  several  of  the  i^rincipal  causes  of  glycosuria  in  man  imd 
animals,  and  we  refer  the  reader  to  Chapters  VIII  and  IX  for  the  essential 
facts  in  regard  to  the  appearance  of  sugar  in  the  urine. 

In  man  the  appearance  of  glucose  in  the  urine  has  been  obaerred 
under  various  pathological  conditions,  such  as  lesions  of  the  brain  mi 
especially  of  tlie  medulla  oblongata,  abnormal  circulation  in  the  abdement 
diseases  of  the  heart,  lungs,  and  liver,  cholera,  and  many  other  diseases. 
The  continued  presence  of  sugar  in  human  urine,  sometimes  in  very 
considerable  quantities,  occurs  in  diabetes  mellitus.  In  this  diaaiM 
there  may  be  an  elimination  of  1  kilogramme  or  even  more  of  grape* 
BUgar  p^r  day.  In  the  beginning  of  the  disease,  when  the  qtiantity 
of  sugjir  is  still  Yery  small,  the  urine  often  does  not  appear  abnormaL 
In  more  developed,  typical  cases  the  quantity  of  urine  voided  increMtf 
considerably,  to  3-6-10  litres  per  day.  The  percentage  of  tbe  phpi- 
ological  constituents  is  as  a  rule  very  low,  while  their  absolute  daily 
quantity  is  increased.  The  urine  is  pale,  but  of  a  high  specific  gratity^ 
1.030-1*040  or  even  higher.  The  high  specific  gravity  depends  upon  thi 
quantity  of  sugar  present,— which  varies  in  different  cases,  but  may  be  as 
high  as  10^^.  The  urine  is  therefore  characterised  Ln  typical  cases  of  dia 
betes  by  the  very  large  quantity  voided,  by  the  pale  color  and  high  specific 
gravity,  and  by  its  contiiining  sugar. 

That  the  urine  after  the  introduction  of  certain  medicine  or  poisonou* 
bodiea  into  the  system  contains  reducing  bodies,  eonjugatijd  glycoronio 
acids,  which  may  be  mistaken  for  sugar,  has  already  been  mentioned, 

The  properties  and  reactions  of  glucose  have  l>een  treats  of  in  a  prt* 
vious  chapt^ar,  and  it  remains  but  to  mention  the  methods  of  detecting  aa4 
quantitatively  determining  glucose  in  the  urine. 
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The  deteciion  of  sngar  in  the  urine  is  ordinarily,  in  the  presence  of  not 

too  small  quantities  of  sugar,  a  very  simple  task.    The  presence  of  only  very 

€mall  quantities  may  make  its  detection  sometimes  very  difficult  and  labori- 

i-ou^.      A  urine  containing  proteid  must  first  have  the  proteid  removed  by 

coagulation  with  acetic  acid  and  heat  before  it  can  be  tested  for  sugar. 

The  tests  which  are  most  frequently  employed  and  are  especially  recom- 
mended are  as  follows: 

T  BOM  MBit  s  Test.  In  a  typical  diabetic  urine  or  one  rich  in  sugar  this 
test  succeeds  well,  and  it  may  be  performed  in  the  manner  suggested  on 
page  81.    This  test  may  lead  to  very  great  mistakes  in  urines  poor  in  sugar, 

I-especially  when  they  have  at  the  same  time  normal  or  increased  amounts  of 
physiological  constituents,  and  therefore  it  cannot  be  recommended  to  phy- 
sicians or  to  persons  inexperienced  in  such  work.     Normal  iirrne  contains 
reducing  substances,  such  as  uric  acid,  creatinin,  and  others*  and  therefore 
a  reduction  takes  place  with  all  urine  on  using  this  test.    We  do  not  generally 
have  a  separation  of  copper  suboxide,  but  still  if  we  vary  the  profwrtion  of 
the  alkali  to  the  copper  sulphate  and  boil,  we  often  have  an  actual  separation 
of  suboxide  in  normal  urines,  or  we  obtain  a  peculiar  yeltowish-red   liquid 
due  to  finely  divided  hydrated  suboxide.    This  occurs  especially  on  the  addi- 
tion of  much  alkali  or  too  much  copper  sulphate,  and  by  careless  manipula- 
tion the  inexperienced  worker  may  therefore  sometimes  obtain  apparently 
positive  results  in  a  normal  urine*     On   the  other  hand,  as  urine  contains 
substances,  such  as  creatinin  and  ammonia  (from  the  urea),  which  in  the 
presence  of  only  little  sugar  may  keep  the  copper  suboxide  in  solution,  h© 
^  may  easily  overlook  small  quantities  of  sugar  that  may  be  present. 
H         Trommer's  test  may  of  course  be  made  positive  and  useful,  even  in  the 
"  presence   of  very   small    quantities  of  sugar,   by   using    the   modification 
suggested  by  Worm  Mljller.     As  this  modification  is  rather  complicated 
and  requires  much  practice  and  exactness,  it  is  probably  rarely  employed  by 
the  busy  physician.     The  following  test  is  to  be  preferred. 

AlmeX'S   hismnth    ieaf,    which    recently    has   been    incorrectly    called 
^YLANder's  test,  is  performed  with  the  alkaline  bi.-^muth  solution  prepared 
above  described  (page  81).     For  each  tost  10  c.e,  of  urine  is  taken  and 
,ted  with  t   c.c.  of  the  bismuth  solution  and  boiled  for  a  few  minutes. 
In   the   presence  of  sugar  the  urine  becomes  darker  yellow  or  yellowish 
brown.     Then  it  grows  darker,  cloudy,  dark  brown,  or  nearly  black,   and 
non-transparent.     After  a  longer  or  .shorter  time  a  black  deposit  appears, 

I  the  supernatant  liquid  gradually  clears,  but  still  remains  colored.  In  the 
presence  of  only  very  little  sugar  the  test  is  not  black  or  dark  brown,  but 
simply  deeper-colored,  and  not  until  after  some  time  do  we  see  on  the  upper 
layer  of  the  phosphate  precipitate  a  ilark  or  bhick  edge  (of  bismuth  ?). 
In  the  presence  of  much  sugjir  a  larger  amount  of  reagent  may  be  used 
without  disadvantage,  In  a  urine  poor  in  sugar  we  must  use  only  1  c.c.  of 
the  reagent  for  every  10  c.c.  of  the  urine. 

This  test  shows  the  presence  of  0.5  p.  m,  sugar  in  the  urine.  The 
sources  of  error  which  interfere  in  Trommer's  test,  such  as  the  presence  of 
uric  acid  and  creatinin,  entirely  disappear  in  this  test.  The  bismuth  te^*: 
is,  besides,  more  easily  performed,  and  it  k  therefore  to  be  recommended  to 
the  physician.  Small  quantities  of  proteid  do  not  interfere  with  this  test; 
large  quantities  may  give  rise  to  an  error  by  forming  bismuth  sulphide,  and 
therefore  must  be  removed  by  coagulation. 
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In  using  this  method  it  must  not  be  overlooked  that  it  is,  like  Troii)IEH*8 
test,  a  reductloji  test,  and  it  coTiBeqiiently  may  show,  besides  sngar.  certain 
other  rediicint]^  substances.  Such  bodies  are  varions  conjugated  glycoroaic 
acids  which  mjiy  uppear  in  the  urine.  Positive  results  have  been  obtainel 
with  the  bismuth  test  on  urine  ftfter  the  use  of  several  medicines,  suchai 
rhubiiib,  Benoa,  an ti pyrin,  kairin,  salol,  turpentine,  and  others.  From  thit 
it  follows  tlmt  we  shouhl  never  be  satiafied  with  tliis  test  alone,  especisIlT 
when  the  reduction  is  not  very  great.  When  this  test  gives  negative  resnlri- 
we  c:in  consider  the  urine  as  free  from  Bugar  from  a  clinical  standpoint,  and 
when  it  gives  positive  results  other  tests  must  be  applied.  Among  the» 
the  feraientation  test  is  of  speeiul  value. 

FenuantatioH  Ted.  On  using  this  te^t  we  must  proceed  in  varioni 
ways,  aceurding  as  the  bismutli  test  sliows  small  or  large  f|uantities.  If  a 
rather  strong  reduction  is  obtained,  the  urine  may  be  treated  with  yea&t  acd 
the  presence  of  sugar  detorniineil  by  the  generation  of  carbon  diotide. 
In  thit?  case  the  acid  urine,  or  that  faintly  acidified  with  tartAric  acidt  w 
treated  with  yeaat  which  has  previously  been  washed  by  decantatioa  with 
water.  Pour  this  urine  to  which  the  yeast  has  been  adde<i  into  i 
Schrottee's  gas-burette,  or  glass  tube  witli  the  open  end  grounds  close 
with  the  thumb,  and  open  under  the  surface  of  mercury  contained  in 
a  dish.  Aa  tlie  fermentation  proceeds,  the  carljon  dioxide  collects  m  lll^ 
upper  part  of  the  tuhe,  while  a  corresponding  quantity  of  liquid  is  eipelW 
below.  As  a  control  in  this  case  two  similar  tests  must  be  made,  oni^ 
with  normal  urine  and  yeaat  to  learn  the  quantity  of  gas  usually  developed* 
and  the  other  with  a  sugar  solution  and  yeast  to  determine  the  aclivitr  of 
the  yeast. 

If,  on  the  contrary,  we  find  only  a  faint  reduction  with  t!ie  bisiiiuth 
test,  no  positive  conclusion  can  be  drawn  from  the  absence  of  any  carto 
dioxide  or  the  appearance  of  a  very  insignificant  quantity.  The  urine 
absorbs  considerable  amounts  of  carbon  dioxide,  and  in  the  preaenee 
of  only  insignificant  quantities  of  sugar  the  fermentation  test  as  abovfr 
performed  may  lead  to  negative  or  inttccurate  results*  In  thii  case 
proceed  in  the  following  way:  Treat  the  acid  urine,  or  the  urine  which  ba« 
been  faintly  acidified  with  tartaric  acid,  with  yeast  w^iose  activity  lias  l»een 
tested  by  a  8]>ecial  test  on  a  sugar  solution,  and  allow  it  to  stand  24-4?' 
horn's  at  tlie  temperature  of  the  room,  or,  better,  at  a  little  higher  tero* 
perature.  Then  test  again  with  tl\o  bismuth  test,  and  if  the  reaction 
now  gives  negative  results,  then  sugar  was  ^jreviously  present.  But  if  it* 
reaction  continues  to  give  positive  results,  then  it  shows — if  the  vefl*^ 
is  active— the  presence  of  other  reducing,  un fermentable  bodies.  Then? 
remains  of  course  the  possibility  that  the  urine  also  contains  some  mp^ 
besides  these  bodies.  This  possibility  may  be  determined  by  the  foUof  * 
ing  test: 

Phputjlhydraziti  Te^st.  According  to  V.  Jaksch  this  test  is  perfonnea 
in  the  following  way:  Add  in  a  test-tube  containing  8-10  c.c,  of  the  uno« 
two  knife-points  of  pheuylhydrazin  hydrochloride  and  three  knife-poio^ 
sodium  acetate,  and  when  the  added  sidts  do  not  dissolve  on  warming  a*^" 
more  water.  The  mixture  is  lieatcd  in  boiling  water,  and  kept  there  tofon^ 
hour  to  avoid  a  confosion  witli  phenylhydrazin-glycoronic  acid  (v,  .FaKSCR 
and  IIirsciil).  The  test  is  then  placed  in  a  beaker  full  of  cold  water*  " 
the  quantity  of  sugar  present  is  not  too  small,  a  yellow  crystalline  precipitJ»W 
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now  obtained.     If  the  precipitate  appears  amorphous,  there  arc  fouTicl,  on 
looking  at  it  under  the  microscope,  yellow  needles  singly  and  in  groups.     If 

Ey  little  sugar  ia  present,  pour  the  test  into  a  conit^al  ghiss  uml  exumine 
Bediment.  In  this  case  at  least  a  few  pheuylgloco&jizone  crystids  are 
nd,  while  the  occurrence  of  larger  and  smaller  yellow  plates  or  highly 
refractive  brown  globules  does  not  show  the  prcst^nceof  sugar*  According  to 
Jaksch  this  reaction  is  very  reliable,  and  by  it  tiro  presence  of  0,3  p.  m. 
gar  can  be  detected  (Rosenberg,  Gever'),  In  doubtful  cases  where 
rtainty  is  desired,  prepare  the  crystals  from  a  large  quantity  of  urine, 
Bsolve  them  on  the  filter  by  pouring  over  them  hot  alcohol,  treat  the 
irate  with  water,  and  boil  off  the  alcohol.  If  the  characteristic  yellow 
ysta]line  needles,  whose  melting-point  (204-2 05 *"  C*)  is  also*  determined, 
now  obtained,  then  this  test  is  decisive  for  the  presence  of  sugar.  It 
fist  not  be  forgotten  that  levulose  gives  the  same  osazone  as  grape-sugar, 
A  that  a  further  investigation  is  necessary  in  certain  cases. 

The  value  of  this  test  has  been  considerably  debated,  and  the  objection 
IB  been  ma*le  that  glycuronic  acid  also  gives  a  similar  precipitate.     A  con- 
nnding  with  glycuronic  acid  is,  according  to  Uirschl,  not  to  be  appre- 
ended  when  it  is  not  heated  in  the  w^ater-bath  for  too  short  a  time  (ono 
hour),     KiSTERMANN  found  this  precaution  insufTicient,  and  Roos  states 
ihat  the  phonylhydrazin  test  always  gives  a  positive  result  witl)  human  urine, 
Biich  coincides  with  E,  IIolmgren'8'  ex|>erieuce.  | 

■  RuBNER*s  ic$t  is  performed  as  follows;  The  urine  is  precipitated  by  an 
^cess  <>f  a  concentrated  lead-acetste  solution,  and  the  iiltnite  carefully 
treated  with  enough  ammonia  to  prorluce  a  floculent  precipitate.  It  is  then 
heated  to  boiling,  when  the  precipitate  becomes  Hesh-eolored  or  pink  in  the 
presence  of  sugar. 

-  Polarization,  This  test  is  of  great  value,  especially  Jis  in  many  casefe  it 
■lickly  differentiates  between  grape-sugar  and  other  reducing,  laevogyrate 
Rbstances,  such  as  conjugated  glycuronic  iU'id,  In  the  presence  of  only 
very  little  sugar  the  value  of  this  test  depends  on  the  delicacy  of  the  instru- 
ment and  the  dexterity  of  the  observer;  tlicrcfore  this  method  is  perhaps 
inferior  in  moat  crises  to  the  bismuth  or  the  phenylhydrazin  test. 

I  If  small  quantities  of  sugar  are  to  be  isolated  from  the  urine,  precipitate 
e  urine  tirst  with  sugar  of  lead,  filter,  precipitate  the  filtrate  with  am- 
moniacal  basic  lead  acetate,  wash  this  precijiitate  with  water,  decompose  it 
vith  II^S  when  suspended  iu  water,  concentrate  the  filtrate,  treat  it  with 
feroDg  ttlcoliol  until  it  is  80  vol.  per  cent,  filter  when  necessary,  and  add 
b  alcoholic  caustic-alkali  solution.  Dissolve  the  precipitate  consisting  of 
Baccharates  in  a  little  water,  precipitate  the  potash  by  an  excess  of  tartaric 
acid,  neutralize  the  filtrate  with  calcium  carliouate  in  the  cold,  and  filter. 
The  filtrate  may  be  used  for  testing  with  the  polariaeope  tis  well  as  in  the 
fermentation,  bismuth,  and  phenylhydrazin  testa.  The  presence  of  grape- 
nigar  may  be  detected  by  this  same  process  in  animal  fluids  or  tissues  from 
which  the  proteids  have  been  removed  by  coagulation  or  by  tlie  addition  of 
"    ihol. 


V,  Jftkach,  KliQ.  Dmgnoatik,  4.  Anfl.,  S.  375  ;  Roieufeld,  Dfutscli.  mrd   Wotlien- 
Ir.  1888  ;  Geyer,  cited  by  Ror^s,  Zeitsclir.  f,  physfoK  Chem..  Bil.  15. 

Hirscld.  Zeitschr.  f,  pliysfoL  ClieuL,  Bd.  14;  KlMeimnno,  Deulscli,  ArcL.  f.  klin. 
.Bd,  50  ;  Roofi,  1.  c,;  HolmgretJ,  3Iiily'a  JahreBber,  B4.  27. 
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In  the  isolation  of  engar  and  carbohydrates  from  the  urine  the  benzoic-, 
acid  esters  of  the  same  may  be  preparetl  according  to  Baimaxn's  method. 
The  urine  is  made  alkaline  with  cauatic  soda  to  precipitate  the  earthy  phos- 
phates, the  filtrate  treated  with  4  c,c,  benasoyl  chloride  and  40  c.c*  10<g 
caustic-sodu  solution  for  every  100  c.c.  of  filtrate,  and  shaken  until  the  odor 
of  benzoyl  chloride  baa  disappeareth  After  standing  sufficiently  long  the  ester 
is  collected,  Unely  divided,  and  Baponified  with  an  alcoholic  solution  of 
sodium  etbylate  in  the  cold  according  to  Baisch's  method/  and  the  various 
carboh3?d rates  separated  according  to  hia  suggestion. 

To  the  physician,  who  naturally  wants  simple  and  quick  methods,  the 
biemutli  test  is  especially  to  be  recommended*  If  this  test  gives  negative 
results,  the  urine  is  to  be  considered  as  free  from  sugar  in  a  clinical  sense. 
If  it  gives  positive  results,  the  presence  of  sugar  must  be  controlled  by 
other  tests,  especially  by  the  fermentation  teat. 

Other  leata  for  auj^ar,  as,  for  examplu.  Ibe  reaction  with  orthonitropbenylpropIoMc 
acid,  picdcacid,  dlazobeuzvoI-Bul phonic  acid,  are  superfluous.  The  reaction  with  ^-naph* 
thol,  wbicb  iit  a  reticUoix  for  carbohydrates  In  goiiemi,  for  glyciiroDic  acid  aod  muclo, 
may«  because  of  its  extreme  delicacy,  give  rise  to  mistakes,  and  is  iherefore  Dot  to  be 
recommended  to  phyaiciatis,  Noimal  urioes  give  Una  test,  and  if  the  strongly  diluted 
urine  gives  tliia  reactioa  we  may  suspect  Ibe  presence  of  large  quantlUe^  of  carbohy- 
dratas.  In  Ibeiie  cases  we  get  more  p(*aiiive  results  by  using  other  tests.  This  tost  requires 
great  cleanlincag,  and  it  baa  this  incouvetilence,  that  it  is  verydiftlcbU  to  get  sufflcioutly 
pure  aalphudc  acid,  imd  so  met  imt^s  indeed  perfectly  pure  a-naphlhol.  Several  in  vest  i- 
Mtora,  such  as  v.  Udkanbky.  Luthek.  Rooa  and  TREurEL.'  have  investigated  this  test 
IQ  regard  to  Its  applicability  as  au  approximate  test  for  carbohydratee  In  the  urine. 

Quantitative  Ddermimtiion  of  Sugar  in  the  Urine.  The  urine  for  stich 
an  estimation  must  first  be  tested  for  proteid,  and  if  any  be  present  it  niiist 
be  removed  by  coagolation  and  the  a^idition  of  acetic  acid,  care  being  taken 
not  to  increase  or  diminish  the  original  volume  of  urine.  The  quantity  of 
sugar  may  be  determiued  by  titration  with  Fehling's  or  Knapp's  solu- 
tion, by  FEEMENTATIOK,  or  by  POLARIZATION,  and  also  in  other  ways. 

The  titration  liquids  not  only  react  with  sugar,  but  also  with  certain 
other  reducing"  Bubstauces,  and  on  this  account  the  titration  methods  give 
rather  high  results.  When  large  quantities  of  sugar  are  present,  as  in  typi- 
cal dialietic  urine,  whicli  generally  contains  a  lower  percentage  of  normal 
reducing  constituents,  tbis  is  indeed  of  little  account ;  but  when  small  quan- 
tities of  sugar  are  present  in  an  otherwise  uonnal  urine,  the  mistake  may, 
on  tlie  contrary,  be  important,  m  the  reducing  jxiwer  of  normal  urine  may 
correspond  to  5  p.  m.  grape-sugar  (see  page  460).  In  such  cases  the  titration 
method  must  be  employed  in  connection  with  the  fermentation  method, 
which  will  be  described  later.  It  is  to  be  remarked  that  in  typical  diabetic 
urines  with  considerable  quantities  of  sugar  the  titration  with  Fehlino*S 
solution  is  just  as  reliable  as  with  Knapp's  solution.  When  tlie  urine,  on 
the  contrary,  contains  only  little  sugar  with  normal  amounts  of  physiologi- 
cal constituents,  then  the  titration  with  FEiiLixr/a  solution  is  more  difficult, 
in  certain  cases  indeed  almost  impossible,  the  results  Ijeing  very  uncertain* 
In  such  cases  Knapp's  method  gives  good  results,  according  to  Worm 
MOller  and  his  pupils.' 


'  Zeitachr.  f,  phyaloL  Chem.,  Bd. 

*  See  Rooa  and  TreupeU  Zeitst-lir. 
■  Pflagcr's  Arcb.,  Bdd.  16  u.  23  ; 


19. 

f.  pliyslol  Chem..  Bdtl    15  y.  16. 

Otto.  Jouruiil  f.  prrnkt.  Gbem.  ^N.  F*J,  Bd,  3d, 
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The  TiTBikTTON  with  Fehlikg's  solution  depends  on  the  power  of 
Dgar  to  rednce  copper  oxide  in  alkaline  solutions.  ¥ov  this  we  formerly 
ploved  a  solution  which  contained  a  mixture  of  copper  stdphate,  Rochello 
Jt,  and  sodium  or  pofcassium  hydrate  (FEHLiNfs's  solution);  but  as  such  a 
►lution  readily  changes,  we  now  prepare  a  copper-sulphute  solntion  and  an 
kaline  Rochelle-salt  solution  separately,  and  rnix  eqnal  volumes  of  the  two 
ilutions  before  using. 

The  concentration  of  the  copper-sulphate  solution  is  such  that  10  c.c.  of 
lis  solution  is  reduced  by  0.05  grm.  grape-sogan  The  eapper-fiulpliRte 
lution  contains  34,65  grms.  pure,  crystalled,  non-efflorescent  copper  sol- 
ihate  in  1  litre.  The  suljjhate  is  crvBtallized  from  a  liot  saturated  solution 
)j  cooling  and  stirring;  and  the  crystals  are  sejiarated  from  the  mother- 
iquof  and  pressed  between  blotting-paper  until  dry.  Tlie  Rochelle-salt 
itition  is  prepared  by  dissolving  173  grms.  of  the  salt  iu  ZhO  c.c,  water^ 
Ading  600  e.c  of  a  caiistic-soda  solution  of  a  specific  gravity  of  L12,  and 
ilnting  with  water  to  1  litre.  According  to  Worm  MOller,  these  three 
"quids — Roehelle-salt  solution,  caustic  soda,  and  water — ^should  be  separately 
K>iled  before  mixing  together.  For  each  titration  mix  in  a  small  flask  or 
lorcelain  dish  exactly  10  c.c.  of  the  copper-sulphate  solution  and  10  c.c.  of 
he  alkaline  Roehelle-salt  solution  and  add  30  c.c,  water. 

The  urino,  free  from  proteid,  is  diluted  before  the  titration  witli  water  so 
bat  10  c.c,  of  the  copper  solution  rerjuires  between  5  and  10  c.c.  of  the 
ilnted  urine,  which  corresponds  to  between  1;^  and  \%  sugar.  A  urine  of  a 
pecific  gravity  of  1,030  may  be  diluted  five  times;  one  more  concentrated, 
n  tiroes.  The  urine  so  diluted  is  poured  into  a  burette  and  allowed  to  flow 
nto  the  boiling  copper-sulphate  and  Hochelle-Piilt  solution  until  the  copper 
ixide  is  completly  reduced.  This  has  tiikcn  place  when,  immediately  after 
)oiliiig,  the  blue  color  of  the  solution  diappeara.  It  is  very  difficult  and  re- 
uireB  some  practice  to  exactly  determine  this  pointy  especially  when  the 
pper  suboxide  settles  with  difficulty.  To  determine  whether  the  color  has 
iisappeared,  allow  the  copper  suboxide  to  settle  a  little  bdow  the  meniscus 
^ormed  by  the  surface  of  the  liquid.  If  this  layer  is  not  blue,  the  operation 
\  repeated,  adding  0.1  c.c,  less  of  urine;  and  if,  after  the  copper  stdjoxide 
aa  settled,  the  liquid  has  a  blue  color,  the  titration  may  be  considered  as 
Sompleted.  Because  of  the  difficulty  in  obtaining  this  point  exactly,  another 
ind-reaction  lias  been  suggested.  This  consists  in  filtering  immediately 
iter  boiling  a  small  portion  of  the  treated  urine  through  a  email  filter  into 
test-tube  which  contains  a  little  acetic  acid  and  a  few  drops  of  potassium- 
ferrocyanide  solution  ami  water.  The  smallest  quantity  of  copper  is  shown 
jy  a  re<i  coloration.  If  the  operation  is  quickly  couducteil  so  that  no  oxi- 
ation  of  the  sulioxidc  into  oxide  takes  place,  this  end-reaction  la  of  value 
!or  urines  which  are  rich  in  sugar  and  poor  in  urea  and  wliich  have  been 
trongly  diluted  witli  water.  In  urines  poor  in  sugar  which  contain  the 
ormal  amount  of  urea  and  which  have  not  been  strongly  diluted*  a  con- 
iidoruble  (|iiantity  of  ammonia  may  ho  formed  from  the  urea  on  boiling 
the  alkaline  liquid,  This  ammonia  dissolves  the  suboxide  in  part,  which 
Easily  passes  into  oxide  thereby,  and  besides  this  the  dissolved  suboxide 
gives  a  red  color  with  potassium  ferrocyanide.  In  just  those  cases  in  which 
,the  titration  is  moist  difiicult  this  end-reaction  is  the  least  reliable.  Practice 
also  renders  it  unnecessary,  and  it  is  therefore  best  to  depend  simply  upon 
the  appearance  of  the  liquid. 
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To  fucilitttte  the  settling  of  the  copper  suboxide  and  thereby  clearing  the 
liquid,  Mi'NK  *  has  lately  suggested  the  addition  of  a  little  calcium-chlorida 
solution  and  boiling  again.  A  precipitate  of  calcium  tartrate  is  produced 
which  caiTies  down  the  suspended  copper  suboxide  with  it,  and  the  color  of 
the  liquid  can  then  be  better  seen.  This  artifice  succeeds  in  many  Ciises, 
but  unfortunately  tliere  are  urines  in  which  the  titration  with  Feuling's 
solution  in  no  way  gives  exact  results.  In  those  cases  in  which  only  small 
quantities  of  sugar  exist  in  a  urine  rich  in  physiological  constituents  it  is 
best  to  dissolve  a  very  exactly  weighed  quantity  of  pure  dextrose  or  dextrose- 
sodium  chloride  in  the  urine.  The  urine  can  now  be  strongly  diluted  with 
water  and  the  titration  is  aiiccessfuh  The  difference  between  tlio  added 
sugar  and  that  found  by  titration  gives  the  reducing  power  of  the  original 
urine  calculated  aa  dextrose, 

Tbe  necessary  conditions  for  the  success  of  the  titnition  under  all  cir- 
cumstances are,  according  to  SoxnLET/the  following:  The  copper-sulphate 
and  Hoc  belle- salt  solution  must,  as  above,  be  diluted  to  50  e,c.  with  wat^r; 
the  urine  should  contain  only  between  0.5^  and  l5t  sugar,  and  the  total  quan- 
tity of  urine  required  for  the  reduction  must  be  added  to  the  titration  liquid 
at  once  and  boiled  with  it.  From  this  last  condition  it  follows  that  tlie 
titration  is  dependent  upon  minute  details,  and  several  titrations  are  required 
for  each  determination. 

It  is  best  to  give  here  an  example  of  the  titration.  The  proper  amount 
of  copper-Bidphate  and  Rochelle-sah  solution  and  water  (total  volume  =:  50 
c.c.)  is  heated  to  boiling  in  a  flask;  the  color  must  remain  blue.  The  urine 
diluted  five  times  is  now  added  to  tlie  boiitng-hot  liquid,  1  e.c.  at  a  time; 
after  each  addition  of  urine  boil  lor  a  few  seconds^  and  look  for  the  appear- 
ance of  the  end-reaction.  If  you  tind,  for  example,  tljat  3  c.c.  is  too  little, 
but  that  4  c.c.  is  too  much  (the  liquid  becoming  yellowish),  then  the  urine 
has  not  been  sutticiently  diluted^  for  it  should  require  between  5  and  10  c.c, 
of  the  urine  to  produce  the  complete  reduction.  The  urine  is  now  diluted 
ten  times,  and  it  should  require  between  G  and  8  c.c,  for  a  total  reduction. 
Now  prepare  for  new  tests,  which  are  boiled  simultaneously  to  save  time, 
and  add  at  one  time  respectively  0,  6^,  7,  and  7^  c.c.  of  urine.  If  it  is 
found  that  between  6^  and  7  c.c.  are  necessary  to  pro^iuce  the  end-reaction, 
then  make  four  other  tests,  to  which  add  respectively  6.<>.  6.7,  6,8,  and  G.9 
c.c,  of  urine.  If  in  this  case  the  liquid  is  still  somewhat  bluish  with  6.7 
c.c.  and  completely  decolorized  with  6,8  c.c,  we  then  consider  the  average 
figure  0,75  c.c.  as  correct* 

The  calculation  is  simple.  The  G.75  c.c.  used  contains  0.05  grm.  sugar, 
and  the  percentage  of  sugar  in  the  dilute  urine  is  therefore  (6.75  :  0,05  = 

100  :  X  =)-r-;:7^  =  0.74,     But  as  the  urine  was  diluted  with  ten  times  its 


6.75 
volume  of  water,  the  undiluted  urine  contained 


5  X  10 
6.75 


=  7.4^. 


The  gen- 
6X1* 


eral  formula  on  using  10  c.c.  copper-sulphate  solution  is  therefore 

in  which  n  representa  the  number  of  times  the  urine  has  been  diluted,  and  h 
the  number  of  c,c.  used  for  the  titration  of  the  diluted  urine. 


>  VircliQw's  Arch.,  Bd.  105. 

•  JourmU  f.  praki.  Chem,  (N.  F.),  Bd,  31, 
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The  TITEATION  ACCORDING  TO  Knapp  depends  on  the  fact  that  mercurio 
<;Tanide  in  alkaline  solution  is  reduced  into  metallic  mercury  by  grape-sugar. 
Tlie  titration  liquid  should  contain  10  ^rms.  chemically  pure  dry  mercuric 
<^yanide  and  100  e.c.  caustic-soda  solution  of  a  specific  grarity  of  1.145  i)er 
litre.  When  the  titration  is  perfornied  m  described  below  (according  to 
Worm  Muller  and  Otto),  20c»c.  of  this  solution  should  correspond  to 
exactly  0.05  grm*  grape-sugar.  If  we  proceed  in  other  ways,  the  value  of 
the  solution  is  different. 

In  this  titration  also  the  quantity  of  engar  in  the  urine  shoidd  he  between 
i^  and  \%f  and  the  extent  of  dilution  necessary  be  determined  hy  a  prelim i« 
nary  test.  To  determine  the  end- reaction  as  described  below,  the  test  for 
excess  of  mercnry  i^  made  with  siilpltu retted  hydrogen. 

In  perfonning  the  titration  nlhjw  20  c.c.  of  Knapp's  solution  to  How 
into  a  flask  and  dilute  with  80  c.c.  water  or,  when  yon  have  reason  to  think 
that  the  urine  contains  less  than  0.5^^  of  sugar,  with  ouly  40-60  cc.  After 
this  heat  to  lx»iling  and  allow  the  dilute  urine  to  flow  gradually  into  the  hot 
solution,  at  tirst  2  cc,  then  1  c.c,  then  0.5  cc,  then  O.S  cc,  and  lastly 
0.1  cc.  After  each  addition  let  it  boil  \  minute.  When  the  end-reaction 
is  approaching,  the  liquid  begins  to  clarify  and  the  tjiereury  separates  with 
the  phosphates-  The  cud*rear'tion  is  determined  by  taking  a  clrop  of  the 
upper  layer  of  the  liquid  into  a  capillary  tube  and  then  blowing  it  out  on 
pore  white  filter^paper.  The  moist  spot  is  first  behl  over  a  bottle  contain- 
ing fuming  hydrochlorie  acid  and  then  over  strong  sulphuretted  hydrogen. 
The  presence  of  a  miuinnim  (juantity  of  mercury  salt  in  the  liquid  ij^  shown 
by  the  spot  becoming  yellowish,  which  is  best  seen  when  it  is  compared  with 
a  second  spot  that  hfie  not  been  exposed  to  sulphuretted  liydrogen.  The 
end-reaction  is  still  clearer  w^hen  a  small  part  of  the  liquid  is  filtered,  acidi- 
fied with  acetic  acid,  and  tested  with  sulphuretted  hydrogen  (Otto  ').  The 
calculations  are  just  as  simple  as  for  the  previous  method. 

This  titration,  unlike  tlie  previous  one,  may  be  performed  equally  well 
in  daylight  and  in  artificial  light.  Knafp's  method  has  the  following 
advantages  over  Fehling's  method:  It  is  applicable  even  wlien  the  propor- 
tion of  sugar  in  the  urine  is  very  small  and  that  of  the  other  urinary 
constituents  is  normal.  It  is  more  easily  performed,  and  the  titration  liquids 
may  bo  kept  without  decomposing  for  a  long  time  (Worm  Muller  and  hia 
pupils*}.  The  views  of  di:fferent  iuveetigators  on  the  value  of  this  titration 
metliotl  are  somewhat  contradictory. 

Besides  the  above-described  titration  methods  there  are  various  others. 
Thus  Pavy  titrates  with  an  ammoniacal  copper  so  hit  ion,  K.  B.  Lehmann 
uses  an  excess  of  copper  salt  and  retitrates  with  potassium  iodide  and 
hyposulphite.  The  sugar  can  also  be  determined  according  to  Alliuk,  and 
especially  according  to  Pflugek's  modification  of  this  method.* 

ESTISIATION    OF   THE    QUANTITY    OF   SUGAK    HY   FERMENTATION.       Thia 

may  be  done  in  various  ways;  the  simplest  method,  and  one  at  the  same 
time  sufficiently  exact  for  ordinary  cases,  is  that  of  Roberts.  Thia 
consists  in  determining  the  specific  gravity  of  the  urine  before  jind  after 

1  Journal  f.  prakt.  Chem.,  Bd,  26, 
»  PflGger's  Arcli.,  Bdd.  16  u.  23. 

*  LebmRnn,  Arch.  f.  Hygtene,  Bd.  30;  FflUger,  Pfltlger'a  Arch,,  Bd.  66.  In  regard 
to  PaTy'a  and  other  nietliods  see  Huppcrt-Neubaiierj  HarD^Analjs^,  10.  Aufl. 
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fermentation*     In  the  fermentation  of  8ngar»  carbon  dioxide  and  alcohot 

are  formed  as  chief  products  and  the  specific  gravity  is  lowered,  partly  on 
account  of  the  disappearance  of  the  sugar  and  partly  on  account  of  the 
production  of  alcohol.  Kokeets  found  that  a  decrease  of  0.001  iu  the 
specific  gravity  corresjionded  to  0.23^  sugar,  and  this  has  been  substaii- 
tiated  since  by  several  other  investigators  (Worm  Muller  and  others). 
If  the  urine,  for  example,  has  a  specific  gravity  of  1.030  before  fermentation 
and  1.008  after,  then  the  quantity  of  sugar  contained  therein  was  22  X  0.23 
=  5.06^. 

In  performing  this  test  the  8i>ecific  gravity  must  be  taken  at  the  same 
temperature  before  and  after  the  fermentation.  The  urine  must  be  faintly 
acid,  and  when  necessary  it  should  be  acidified  with  a  little  tartane-acid 
solution.  The  activity  of  the  yeast  must,  when  necessary,  be  controlled  by 
a  sfiecial  test.  Place  200  c.c.  of  the  urine  in  a  400-c,c,  flafik  and  add  a  pifce 
of  compressed  yeast  the  size  of  a  pea,  and  subdivide  the  yeast  through  the 
liquid  by  shaking,  close  the  flask  with  a  stopper  provided  with  a  finely- 
drawn-out  glass  tube,  and  allow  the  test  to  stand  at  the  tempcmturo  of  the 
room  or,  still  better,  at  +20-25^  C.  After  24-48  hours  the  fermentation 
is  ordinarily  ended,  but  this  must  be  verified  by  the  bismuth  test.  After 
complete  fermentation  filter  tJirougli  a  dry  filter,  bring  the  filtrate  to  the 
proj>er  temperature,  and  determine  the  specific  gravity. 

If  the  Hpecitjc  gravity  be  determined  with  a  good  pycnometer  supplied 
with  a  thermometer  and  an  expan&ion-tube,  this  method,  when  the  quantity 
of  sugar  is  not  less  than  4-5  p,  m.,  gives,  according  to  Worm  MCller,  very 
exact  results,  but  this  has  been  disputed  by  IH'DDE. '  For  the  physician  the 
method  in  this  form  is  not  quite  serviceable.  Even  when  the  si>ecific  gravity 
is  determined  by  a  delicate  unnometer  which  can  give  the  density  to  the 
fourth  decimal,  we  do  not  obtain  quite  exact  results,  because  of  the  ordinary 
errors  of  the  method  (Buddk);  but  the  erroi-s  are  usually  smaller  than  those 
which  occur  in  titrations  made  by  impnictiseil  hands.  Among  the  methods 
proposed  and  closely  tested  for  the  quantitative  eBtimation  of  sugar,  we  have 
none  which  are  at  the  same  time  easily  performed  and  which  give  positive 
results  in  other  than  exi>erienced  hands. 

When  tlie  quantity  of  sugar  is  less  than  5  p.  m*  these  methods  cannot  be 
used.  Such  a  small  quantity  of  sugar  cannot,  as  above  mentioned,  be  de- 
termined by  titration  directly,  because  the  reducing  power  of  normal  urine 
corresponds  to  4-5  p,  m.  In  such  case^,  according  to  Worm  MCller,  first 
determine  the  reduction  power  of  the  urine  by  titration  with  Kxapp's  solu- 
tion, then  ferment  the  urine  with  the  tuldition  of  yeast,  and  titrate  again 
with  Kxapp's  solution.  Tbe  difference  found  between  the  two  titrations 
calculated  tis  sugar  gives  the  true  quantity  of  the  latter. 

Estimation  of  Sloar  by  Polarizatiok*  In  this  method  the  urine 
must  be  clear,  not  too  deeply  colored,  and,  above  all,  must  not  contain  any 
other  optically  active  substances  besides  glucose.  By  using  a  delicate  instru- 
ment and  with  sui^cient  practice  very  exact  results  can  be  obttiined  by  this 
method.  For  the  physician  Houerts*  fermentation  test,  wliich  requires  no 
expensive  apparatus  and  no  special  practice,  is  to  be  preferred.     Under  such 


'  Holier!^.  Edinburgh  Mctl.  Journ.,  1S61,  aod  Tbe  Lancet.  Vol.  1.  1862;  Worm 
MttJler,  PflDger'g  Arch.,  B*Jd,  33  and  37;  Budde»  ibid,,  Bd.  40,  and  Zeitscbr.  t  pbysioL 
Cbem,,  Bd.  13,    Sec  also  Hupp<irt*K«ubimcr. 
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circumstances,  and  as  the  estimation  by  means  of  polarization  can  he  per* 
formed  with  exactitude  only  by  gjiecially  trained  chemiste,  it  ia  hardly 
iie<)easary  to  give  this  method  Id  detail,  and  the  reader  is  referred  to  hand- 
books for  instructions  in  the  nse  of  the  apparatus. 

LsTUloM,  Lsevogyraie  uiiiiea  coDtfiining  sugar  hiive  lieen  ohsrrTed  by  Yektzke, 
ZiMMKR  and  CzAPKK,  8KEOENf  and  atheii;,'  Tlie  Daiiire  of  the  subHiauce  cauBUig  tjita 
ftGtion  is  difficult  to  describe  exai  tly,  tmt  liiere  h  Uaidly  any  doubt  that  tlie  uriue,  at 
least  ia  certitin  cases,  as  iu  those  obnerved  by  Seeoen,  couuiius  levuloac.  May  has  nlso 
leccDtly  published  a  case  in  which  to  all  npprarances  levulose  was  present. 

Levulose  fa  detected  as  follows :  The  udtre  is  Itt^vurcnnloi  y»  and  the  iBevo-rotHtory  sub- 
si&Dce  ferments  with  yea*^t.  The  urine  g^iven  the  ordinary  reduction  tests  aucl  phenyl- 
glocosazoQ.  It  gives  Beliwanoff's  reaclioQ  ou  boiliug  with  resorein  aud  bydrocblorio 
idd. 

£<waf€  is  a  substance  nnmed  by  ElrppEnT  and  foutvd  by  Leo*  in  diabetic  urinen  lit 

certftin  caMSr  nud  whicb  he  considers  as  a  sugar.     It  is  Isevogyrate,  aiiiorpbous,  and  has 

^^o  »wee»  taste,  but  rather  a  sharp  and  salty  taste.     La  lose  has  a  reducing  action  on  uje- 

^Kanic  oxides,  does  not  feimeni,  and  glresa  Qon-crystanine,  yellowisb-brown  oil  with 

^^phenjibydraziD.     We  have  do  poBltlve  proof  as  yet  that  this  ^ubstaoce  is  a  sugnr. 

H        MiLK-scGAB.     The  appearance  of  milk-sugar  in  the  urine  of  pregnant 

Kwomen  was  firet  shown  by    the  observations  of  De  Ninety  and  F.  Hop- 

V^CEISTER,  and  this  has  been  substantiated   by  other  investigators.'     After 

large  quantities  of  milk-sugar  some  lactose  may  be  found  in  the  urine  (see 

Chapter  IX  on  absorption).     The  passage  of  lactose  into  the  urine  is  called 

lactosuria* 

The  positive  detection  of  milk-sugar  in  the  urine  is  diffictdt,  because  thia 
Bugar  is,  like  glucose,  dextrogyrate  and  also  gives  the  usual  reductiou  tests. 
If  urine  contains  a  dextrogyrate,  non -fermentable  sugar  which  reduces  bis- 
muth solutions,  then  it  is  very  probable  that  it  contains  milk-sugar.  It 
must  be  remarked  that  the  fermentation  U?st  for  niilk-su^^ar  is,  accord- 
ing to  the  experience  of  Lusk  and  Voix/  beet  performed  by  using  pure  cul- 
tivated yeast  (eaceharomyces  apiculutus).  This  yeaet  only  ferments  the 
glucose,  while  it  does  not  decompose  the  milk-sugar.  If,  according  to  Voir, 
we  perform  Rubber's  test  and  do  not  heat  to  boiling  but  only  to  80^  C,  the 
color  becomes  yellow  or  brown  in  the  presence  of  milk-sugar,  instead  of  red. 
The  most  positive  means  for  tlie  detection  of  lactose  is  to  isolate  the  sugar 
from  the  urine.  This  may  be  done  by  the  following  method,  suggested  by 
F.  IIdfmetster: 

Precipitate  the  urine  with  suj^ar  of  lead,  filter^  wash  with  water*  unite  the  filirnte 

^and  wash-water,  and  precipitate  with  ammouia,     The  liquid  filtered  from  the  precipi- 

[iatc  is  again  precipitated  by  sugar  of  lead  nud  ammonia  uutll  the  hist  fikraie  i^  c^piically 

ifDactiTe.     The  seTeral  preclpiiates  with  the  exceptiou  of  the  first,  wbieh  contains  no 

r  sugar,  are  united  and  wasbt^d  with  waler.     The  washed  precipitate  is  deconipuSLni   in 

the  cold  with  sulphuretted  hydrogen  and  liltered.     The  excess  of  sulphureittd  hydro- 

,  gen  is  driven  ^)1I  by  a  curreiit  of  air  ;  the  acids  set  free  are  renioved  by  shaking  wiih 

silver  oxide.     Now  filter^  remove  the  dissolved  silver  by  sulphuretted  hydro|ren,  treat 

"wilb   barium  carbonate    to  unite   with  any  free  acetic   acid  present,  and  concentrate. 

Before  the  evaporated  residtie  is  Byrupy  !t  is  treated  with  90^  alcoljol  until  a  Hocculeat 

\  precipitate  is  formed  which  settles  quickly.     The  filtrate  from  this  "when  placed  in  a 

>  See  Huppert'Neubauer,  10.  Autl.,  S.  135. 

■  Virchow'8  Arch.,  Bd.  107, 

■  Hofmeister,  Zuitschr.  f.  physiol.  Chem.,  Bd.  1,  which  also  coDlalns  the  pertinent 
llteralure.     See  also  Lemaire,  Md.,  Bd.  21. 

*  Car!  Voit,  Uvbt  r  die  Glycogen bildung  nach  Aufnabme  verschledener  Zuckcrarten^ 
Zeitschr,  f.  Biologie,  Bd,  28, 
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deaiccalor  deposits  cryatals  of  mflk-sugar,  which  fire  purified  by  recrystAlllzAtioQ,  de- 
coloriziijg  with  aoiinal  charcoal  and  hoiliug  with  60-70^  alcohol 

Pontoser  SalkowsilI  aud  JASTiiOWiTZ  '  found  in  Uie  uHdq  of  peraous  addicted  to 
the  morphhi  habit  a  variety  of  sngiir  which  was  a  pentose  aud  yielded  ivu  osazone 
which  melted  at  159°  C.  la  testing  far  peato&e  we  use  the  test  with  phUirogluciu  and 
hydrochloric  ucid,  but  it  must  be  reuiarked  Uiat  Ibe  reddish-violet  color  aU>ue  is  n*»i 
suflicieot,  becaiiBe  gnlaclose  and  lacloac  also  give  a  similar  coloration.  The  pr«  .sence  of 
pec  tone  or  glycurouic  acitl  cau  only  he  considered  as  positive  wlieo  on  spectroscopiG 
examiualion  two  iilisorpttonhanda  hetweeu  ii  and  i^are  obtaiued. 

The  phloroi^luciii-hydrochloric  acid  test  is  performed  as  follows,  according  to 
ToLLENS.'  A  few  cubic  centimetres  of  the  urine  are  mixed  with  an  equal  volume  of 
hydrochloric  acid  of  about  1.19  sp.  gr.  nod  treated  with  alHUit  25-30  milligrammes 
phlorog.ucSn,  heated  over  the  flame  until  a  red  coloration  Ik  obtained,  and  tlicu  immedi- 
ately examined  with  the  apectrodcope.  If  no  bands  are  aeen,  theu  heat  to  iKiiling  and 
observe  again.  If  the  liiitiid  Ijccomcs  cloudy,  it  is  allowed  to  cool,  the  precipitate  col- 
lected on  a  filter,  washed  with  water,  dissolved  in  alcohol,  and  thtH  solution  examined  with 
the  spectroscope,     lu  the  presence  of  pea  loses  on  ahsorption-biind  is  seen  in  tlje  green. 

TodifTerentiate  between  pentoses  and  glycuronic  acid,  which  give  the  same  fipcc- 
lnjm»  we  prepare  tlie  oaazones.  The  melting-point  of  the  peutosazon  lies  at  about 
159-160''  C,  In  ft  mixture  of  glucostizoruMiiid  pentoyazonc  the  latter  may  h%  known,  as 
shown  by  KbLZ  and  VooiiL,i  by  extracting  with  water  at  60'  C,  which  dissolve*  ibc 
pentosAZone.  filtering  while  hot  and  allowlug  to  cool.  Tlic  penlosazone  separates  oq 
cooling. 

Inosit  occurs  in  the  urine  in  albuminuria  and  in  diabetes  niellitus.  but 
only  rarely  and  in  small  quantities.  Inosit  is  also  found  in  the  urine 
after  excessive  drinking  of  water.  According  to  Hoppk-Seylea  *  traces  of 
inosit  occur  in  all  nonnal  urines* 

In  detecting  inosit  the  proteid  is  first  removed  from  the  urine.  Then  concentrate  the 
urine  on  the  water-bath  to  \  and  precipitate  with  sugar  of  lead.  The  filtrate  is  warmed 
and  treated  with  baaic  lead  acetate  as  longaaa  precipitate  is  formed.  The  precipitate 
formed  after  24  hours  is  washed  with  water,  suspended  in  water,  ti,m\  decomposed  with 
lulphuretted  hydrogen.  A  little  uric  acid  may  separate  from  the  fit  rale  after  a  sliort 
time.  The  liquid  is  filtered,  concentrated  to  a  syrupy  consistency,  and  treated  while 
boiUng  with  3-4  vols;,  alcohol.  The  precipitate  is  quickly  separated.  After  the  addition 
of  ether  to  the  cooled  tiltnite,  crystals  separate  after  a  time,  and  these  are  purified  by 
decolorizfttion  and  re  crystallization.  Willi  these  crystals  perform  the  testa  menlioued  on 
pftge  S41. 

Acetone  and  Diacetlc  Acid,  These  bodies,  the  occurrence  in  the  urine 
and  formation  in  the  organism  of  which  have  been  the  subject  of  numerous 
inTestigations,  especially  by  r.  Jaksoh,  were  first  observed  in  urine  in 
diabetes  racllitiis  (Peters,  Kaulich,  v.  Jaksch,  Gerhaedt*).  Acetone 
may  give  the  diabetic  urine,  as  well  as  the  expired  air,  the  odor  of  apples  or 
other  fruit.  According  to  v*  Jaksch  and  others  acetone  is  a  normal  urinary 
coQstituent,  though  it  nmy  occur  oiily  in  very  small  amounts  (0,01  grm.  in 
24  hours). 


*  Cenlralbl.  t  d.  me«l  Wiisensch..  I8d2.  Nos,  19  and  83. 

*Ber.  d.  deuuch.  chem.  Gesellsch.,  Bd.  29,  8.  1204. 

»  Zeiuchr.  f.  Biologic,  Bd.  33,  , 

^  Haudbuch  d.  physioL  u.  pathol.  chem.  Anatyse*  0*  Au^.«  8.  196. 

'  In  regard  to  the  extensiTc  literature  on  acetone  and  dJaceticacid  we  refer  the  reader 
to  IIupi>eri-Neahauer.  Ham-Analyse,  10.  Aufl.»  aod  ▼.  Noorden's  Lebrb.  d.  PatboL  dct 
8lolIwechsek.     Berlin,  1893. 
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There  is  no  doubt  thafc  tho  appearance  of  acetone  as  well  as  diacetic  acid 
essentially  caused  by  an  increased  destruction  of  proteid.  This  follows 
'Irom  the  Tery  marked  increase  in  the  elimination  of  acetone  aud  diacetic 
acid  during  inanition  (v.  Jaksch,  Fr.  Mlller^).  Tliia  stands  also  in  good 
accord  with  the  observations  that  a  considerable  increase  in  the  quantity  of 
acetone  and  diacetic  acid  eliminated  is  observed  in  such  diseases  as  fevers, 
diabetes,  digestive  disturbances,  mental  diseases  with  abstinence,  cachexia, 
where  the  body-proteid  is  largely  destroyed.  According  to  v.  Noohdex 
and  HoKiGMANN  the  extent  of  acetone  and  diacetic-acid  elimination  is  not 

^ dependent  upon  the  absolute  quantity  of  proteid  metabolized,  biU  upon  the 
quantity  of  body-proteid  destroyed;  but  this  view  is  disputed  by  other  inves- 
tigators, such  as  HiRsmFELD  and  Geelmutdex.  A1so»  according  to  Wkin- 
TRAUD  and  Palm  A  the  parallelism  between  tho  elimination  of  acetone  and 
aitrogen,  as  claimed  by  Wright  (in  diabetics),  does  not  exist.  The  elimina- 
^tion  of  acetone  does  not  always  increase  with  an  increased  quantity  of  pro- 
eid,  and  the  raising  of  the  proteid  above  an  average  point  causes  a  dimiuu- 
tion  in  the  elimination  of  acetone  (Kosenfeld,  Hjrschfeld*), 

The  carbohydrates  have  a  strong  influence  on  the  elimination  of  acetone, 
namely,  the  exclusion  of  carbohydrates  from  the  food,  or  diminishing  their 
amount,  causes  an  increased  elimination,  while  abundance  of  carbohydrates 

I  decreases  the  quantity  considerably,  or  even  causes  a  disappearance.  Fat 
«eems,  by  its  action  on  proteid  metabolism,  to  have  an  indirect  influence  on 
acetonnria.  According  to  Geelmitdex  the  elimination  of  acetone  in  man 
may  be  increased  by  an  increased  consumption  of  fat  (butter),  and  this 
increase  may  run  parallel  with  the  fat  given. 
^m  Irrespective  of  the  physiological  acetonuria  derived  from  the  food,  we 
have  an  increased  elimination  of  acetone,  as  above  statet!,  in  many  dis- 
eases, as  also  after  nervous  lesions,  certain  intoxications,  and  after  ad- 
ministration of  phlorhizin  or  exrtipation  of  the  pancreas  (v.  Merincj  and 
MiXKOW^SKi,  AzEMAE*),  In  dogs  with  phlorhizin  diabetes  GEELMrYDEN  * 
found  a  stronger  acetonuria  in  starvation,  less  witli  proteid  food,  and  still 
less  on  feeding  with  carbohydrates.  Sodium  butyrate  when  introduced  into 
H  the  stomach  increases  the  acetonuria^  hut  when  introduced  subcutaneously 

1  v»  Jttkach,  Ueber  Acetoimrie  uud  Diucetiirie.  Berlio,  1885  ;— Fn  Mnlli^r,  Berfcht 
fiber  die  Ergebnisse  dea  an  CetU  ausgefllbrtea  Huogerversucbes,  Berlin,  klin.  Wucben- 
schr,  1887. 

•  HooigmiiiiD,  Zur  Enstehung  ties  Acetona  (Dissert..  Brcslau,  1886).  cited  from  v. 
Noonlen,  ]-  c,  S»  177;  Hiiscbfeld,  Zeilscbr.  f.  kiln.  Med.,  Bd.  28;  Gcelmuyden.  sfe 
3IiiJy's  Jahriisber.,  Bd.  26.  and  Zeiincbn  f.  pbysiol  Cbem.,  Bild.  23  iuul  26  ;  Weintriiiid, 
Arch.  f.  exp.  Path,  u.  Pbaim.,  Bd.  34  .  Palnm.  Zdtaebr.  t  Heilkuiuk-,  Bd.  15  ;  Wright, 
Maly's  Jnhresber.,  Bd.  21  ;  Rosetifeld,  Central bl.  f.  iDaere  Med.,  Bd.  16, 

'  Azeniftf,  "  Acetotiurie  t*xp6rjmeDtfdt."  Travaux  de  pbysiologie,  1898  (laboraloire 
de  M.  le  professeur  E.  Hetioo,  Montpellkr). 

^  Zeitscbr.  f.  pbysiul,  Cliem.,  Bd.  26. 
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it  doea  DOt  act  at  all,  or  only  to  a  slight  extent.  His  experiments  do  not 
show  a  sugar  formation  from  fat  in  phlorhizin  diabetes* 

KuHAOAWA  and  Miura,^  in  two  series  of  experiments  on  starving 
dogs  after  piilorhizin  poisoning,  compared  the  extent  of  proteid  metabolism 
and  the  formation  of  sugar  with  each  other,  and  they  succeeded  in  exclud- 
ing a  sugar  formation  from  fat.  In  both  aeries  of  experiments  the  quantity 
of  sugar  elimiuiited  was  less  than  that  which  was  calculated  from  the 
increased  proteid  destruction  caused  by  the  phlorhizin  poisoning. 

Diacetic  acid  has  not  been  observed  as  a  physiological  constituent  of  the 
urine.  It  occurs  in  the  urine  cliiefly  under  the  same  conditions  as  acetone; 
still  we  have  cases  in  which  only  acetone  and  no  diacetic  acid  appears. 
Like  acetone  the  diacetic  acid  occurs  often  in  children,  especially  in  high 
fevers,  acute  exanthema,  etc.  Diacetic  acid  decomposes  readily  into  acetone. 
According  to  Ahaki  '  it  is  probably  produced  as  an  intermediate  product  in 
the  oxidation  of  ^-oxybutyric  acid  in  the  organism.  The  three  bodies  ap- 
pearing in  the  urine,  acetoTie,  diacetic  acid,  and  oxybutric  acid,  stand  in 
close  relationship  to  each  other. 

Acetone,  dimethyl  ketone,  C^U^O  or  CO.{Cn,),,  is  a  thin  water-clear 
liquid  boiling  at  56.5°  C.  and  with  a  pletisant  odor  of  fniit.  It  is  lighter 
than  water,  with  which  it  mixes  in  all  proportions,  also  with  alcohol  and 
ether.     The  most  important  reactions  for  acetone  are  the  following: 

LiEBEK*s  Iodoform  Test.  When  a  watery  solutioo  of  acetone  is  treated 
with  alkali  and  then  witli  some  iodine-potassium-iodide  solution  and  gently 
wanned  a  yellow  precipitate  of  iodoform  is  formed,  which  is  known  by  its 
odor  and  by  the  appearance  of  tire  crystals  (six-sided  plates  or  stairs)  under 
the  microscope.  This  reaction  is  very  delicate,  but  it  is  not  characteristio 
of  acetone.  GuNNixo's  modification  of  the  iodoform  lest  consists  in  using 
an  alcoholic  solution  of  iodine  and  ammonia  instead  of  the  iodine  dissolved  in 
potassium  iodide  and  alkali  hydrate.  In  this  case,  besides  iodoform,  a  black 
precipitate  of  iodide  of  nitrogen  is  formed,  but  this  gradually  disappears 
on  standing,  leaving  the  iodoform  visible.  This  modification  has  the  ad- 
that  it  does  not  give  any  iodoform  with  alcohol.  On  the  other 
is  not  quite  so  delicate,  but  still  it  detects  0.01  milligramme  acetone 


cold's  mnrcuric-oxide  test  is  based  on  tlie  power  of  ac^Uyt^e  to  d\ft- 
.ihly  precipitated  HgO.     A  mercuric-chloride  solulv^u  *^^  p^^^p'^" 
*  alcoholic  caustic  potash.     To  this  add  the  liquid  ^^:;>^\)e  ^^^  *^^ 
ke  well  and  filter.     In  the  presence  of  acetone     X^e  SV^^^^  ^^' 
'lich  may  be  detected  by  ammonium  sulj^T^^  ^ie.    ^'^^^    ^ 
delicacy  as  Gunxing's  test. 


•  Du  Bois.R<jyinoiid*a  Arch..  189S. 

•  ZeiUcbr  f.  pbysioK  Chem,,  Bd,  18* 
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Local's  Sodium-niiroprusaide  Test.  If  an  acetone  solation  is  treated 
nith  a  few  drops  of  a  freshly  prepared  Bodium-Ditropnis^ide  solution,  and 

^ben  with  canHtic-potash  or  soda  solution,  the  liquid  is  colored  ruby-red. 

Plreatinin  gives  the  same  color;  hut  if  we  saturate  with  acetic  acid,  the 
color  becomes  carmine  or  purplish-red  in  the  presence  of  acetone,  but  yellow 
and  then  gi-adually  ^een  and  blue  in  the  presence  of  creatinin.  With  this 
test  paracresol  gives  a  reddish-yellow  color,  whieli  becomes  light  pink  when 
acidified  with  acetic  acid  and  cannot  be  mistaken  for  acetone.  If  we  use 
ammonia  instead  of  the  caustic  alkali  (Le  Nobel),  the  reaction  takes  place 
irith  acetone  but  not  with  aldehyde. 

Pekzolbt's  indigo  test  depends  on  the  fact  that  orthonitrobenzaldehyd© 
in  alkaline  solution  with  acetone  yields  indigo*  A  warm  saturated  and  then 
cooled  solution  of  the  aldehyde  is  treated  with  the  liquid  to  be  tested  for 
acetone  and  next  with  caustic  soda.  In  the  presence  of  acetone  the  liquid 
first  becomes  yellow»  then  green,  and  lastly  indigo  separates;  and  this  may 
be  dissolved  with  a  blue  color  by  shaking  with  chloroform.     l.G  milligrma. 

boetone  can  be  detected  by  this  test. 

HrBtLA  V.  Bittu'b*  reliction  i^  bni^etl  on  the  fact  rlml  <m  fidding  a  soUitlon  of  nietndinl- 
HHtonzol,  made  Rlkfilioe  witli  caustic  potiisb.  to  acetone,  li  violet-red  color  is  pn educed 
^SBipfi  becomes  cberry-red  on  ncidifyiu^  witb  an  orgnnic  acid  or  metupbospljoric  ucid* 

Aldeh3'de  gives  a  BimOar  violpi-red  color  wbicb  btjcomes  yellowish-red  on  acidification, 

Creatitiiu  does  not  givu  ihis  reaction. 

^  Diaeetic  acid,  or  aceto-acetic  acid,  C^H.O,  or  0,H,O.CH,.C00IL  This 
acid  is  a  colorless,  strongly  acid  liquid  which  mixes  with  water,  alcohol,  and 
ether  in  all  proportions.  On  heating  to  .boiling  with  water,  and  esiiccially 
with  acids,  this  acid  decomposes  into  carbon  dioxide  and  Jicetone,  and  there- 
fore gives  the  above-mentioned  reactions  for  acetone*  It  differs  from  acetone 
in  that  it  gives  a  violet-red  or  brownish-red  color  with  a  dilute  ferric-chloride 

B^ltition.  This  color  decreases  even  at  the  ordinary  temperature  within  24 
nours,  and  more  quickly  on  boiling;     It  differs  in  this  from  phenol,  aalicylic 

fid,  acetic  acid,  or  sulpliocyaoides. 
Detection  of  Acetone  and  Diaeetic  Acid  in  the  Urine.  Before  testing  for 
acetone  test  for  diaeetic  acid,  and  as  this  acid  gradually  decomposes  on  allowing 
the  urine  to  standi  the  urine  must  be  as  fresh  as  possible.  In  the  presence 
of  diaeetic  acid  the  urine  gives  the  so-called  Gerhardt's  reaction,  showing  a 
wine-red  color  on  the  addition  of  a  dilute,  not  too  acid,  ferric-chloride 
solution.  Treat  10-50  c.c.  of  the  urine  with  ferric  chloride  as  long  as  it  gives 
a  precipitate,  litter  the  precipitate  of  ferric  phosphate,  and  add  some  more 
ferric  chloride  to  the  filtrate.  In  the  preseuce  of  the  acid  a  claret-red  color  is 
produced.  After  this  heat  a  second,  aimiltir  portion  of  the  faintly  acid  urine 
to  boiling,  and  repeat  the  test  on  cooling,  winch  should  now  give  negative 
results.  A  third  portion  of  urine  is  acidified  with  sulphuric  acid  and 
shaken  with  ether  (which  takes  up  the  acid).  Xow  shake  the  removed  ether 
with  a  very  dilute  watery  solution  of  ferric  chloride,  and  the  watery  layer  be- 
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comes  Tiolet-red  or  claret-red*  The  color  disappears  on  wanning.  K.  Morker 
eaggeste  that  iu  testing  for  diacetic  acid  the  urine  be  treated  with  a  little 
KI  and  Fe,Cl,  in  excess  and  heated.  In  the  presence  of  diacetic  acid  very 
irritating  vapors  of  iodoacetone  are  developed.  According  to  v.  Jaksch* 
nrines  rich  in  acetone  also  give  this  reaction. 

In  the  absence  of  diacetic  acid  the  acetone  may  be  tested  for  directly. 
This  may  be  done  directly  on  the  urine  by  Pexzoldt's  test.  This  test, 
which  is  only  approximate,  is  of  value  only  when  the  urine  cont^iins  a 
considerable  amount  of  acetone.  For  a  more  accurate  test  we  distil  at  least 
250  c.c.  of  the  urine  faintly  acidified  with  sulphuric  acid,  care  being  taken 
to  have  a  good  condensation.  Most  of  the  acetone  is  contained  in  the  first 
10-20  c.c.  of  the  distillate.  This  distillate  is  tested  for  acetone  by  the  above 
methods.  *  In  testing  for  acetone  in  tlie  simultaneous  presence  of  diacetic  acid^ 
first  make  the  urine  faintly  alkaline,  and  shake  it  carefully  with  ether  free 
from  alcohol  and  acetone  in  a  separatory  funnel.  The  removed  ether  is 
then  shaken  with  water,  which  takes  up  the  acetone,  and  then  the  watery 
liquid  is  tested. 

The  quantUative  eMivicUion  of  acetone  in  the  iirine  is  done  by  converting^ 
it  first  into  iodoform.  The  urine  is  acidified  with  acetic  acid  (according  to 
HCPPEBT,  1*'2  c.c.  50  per  cent  acetic  acid  for  every  100  c.c.  urine)  and  disr* 
tilled.  The  quantity  of  acetone  in  the  distillate  is  best  determined  accord- 
ing to  MBSSiKGBB's'and  Huppert's  method  by  determining  volumetrically 
the  quantity  of  iodine  used  in  the  formation  of  iodoform.  In  regard  to  this 
method  and  its  execution  we  refer  the  reader  to  Hippert-Xeubauer." 

/J-Oxybutyric  Acid,  C\H,0,  or  CH,CU(On).CH,COOH.  The  appearance 
of  this  acid  in  the  urine  was  first  positively  shown  by  Minkowski,  Kllz 
and  Stadeluank.^  It  occurs  especially  in  difficult  cases  of  diabete^^  but  it 
has  also  been  observed  in  scarlet  fever  and  in  measles  (KCu;).  in  ecurrj 
(MiXKOWSKi),  and  in  diseases  of  the  brain  with  abstinence  (KuLZ).  /?-oiy- 
butyric  acid  is  undoubtedly  derived  from  an  abnormal  destruction  of  body- 
proteid,  and  it  therefore  occurs  in  the  urine  in  inanition,  cachexia,  etc. 
/J-oiybutyric  acid  is  accompanied  by  diacetic  acid  in  the  urine,  while  on 
the  other  hand  the  last-mentioned  acid  occurs  in  the  urine  without  the  first. 

>5-oiybutyric  acid  forms  an  odorless  syrup  which  mixes  readily  with 
water,  alcohol,  and  ether.  This  acid  is  optically  active  and  indeed  I«vo- 
gyrate,  and  it  therefore  interferes  with  the  estimation  of  sugar  in  the  urine 
by  means  of  polarization.  It  is  not  precipitated  either  by  basic  lead  acetate 
or  by  ammonical  basic  lead  acetate.  On  boiling  with  water,  especially  in 
the  presence  of  a  mineral  acid,  this  acid  decomposes  into  a-CROTOKIC  ACID, 
which  melts  at  71-72*=*  C.  and  water:  €H,.CH(OH).CH,.COOH  =  H.O 
-h  CH,.CH:CILCO0H.  It  yields  acetone  on  oxidation  with  a  chromic* 
acid  mixture* 


*  ll?>f tier,  Skiod.  Arch   f.  Pb>tiol.,  Bd.  5 ;  t.  Jaksch.,  KUo.  DUgnostik,  4.  Aufl. 
«  Sen  also  Salkuwski,  FflOger'e  Aicb.,  Bd.  m, 

*  L.  a.  p,  T60.  ftfiil  aiso  Geelmuydeo.  Zcitachr.  f.  riiial.  Chem.,  Bd.  35. 

*  Jtiokowski,  Arch,  f.  exp  Path.  u.  Pharra.,  Bda.  18  and  19  ;  Sudelmaiio,  ihid.,  Bd. 
[  17 :  Eulx,  ZeUschr.  f.  Biologie.  Bdd.  90  and  2a. 
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Detection  of  /S-Oxybuiyric  Acid  in  the  Urine,  If  a  urine  is  still  lievo- 
lie  after  fermentation  with  yeaet,  tho  presence  of  oxy butyric  und  is 
probable.  A  further  teat  may  be  made,  aecordiug  to  Kulz,  by  evaporating 
the  fermented  urine  to  a  syrup,  and,  after  t!ie  addition  of  an  equal  volume 
of  concentrated  sulphuric  acid,  distilUug  directly  without  cooling,  ^-cro- 
tonic  acid  is  produced  which  distils  over,  and*  after  collecting  in  a  test- 
tube,  crystals,  which  melt  at  -j-  72°  C,  separate  on  cooling.  If  no 
crystals  are  obtained,  then  shake  the  distillate  wiMi  ether,  and  test  the 
melting-point  of  the  residue  obtained  after  evaporating  the  ether  which 
has  been  washed  with  the  water.     According  to  SllKKOWSKi  the  acid  may 

t&  isolated  as  a  silver  salt/ 
Ehblich's'  UHnr  Te«L  Mix  250  c.c.  of  a  sol u Mod  whicU  contaitm  50  c  r.  HCl  and 
gnu.  Bulpbaiiilic  iic:id  m  oue  liire  wiih  5  c.c.  of  n  ^i  w>liitioii  nf  eotHiini  uiMlto  <  which 
poduces  veiy  liitle  of  the  active  body,  sulpliodiftzoheDitol).  In  performing  thbieist  treat 
the  urine  witU  an  equal  volume  of  lliis  mixture  arid  ilien  super.Haiurnie  with  anmionin. 
Normal  urine  will  become  yellow  tbcrtliy,  or  orange  after  I  lie  oddiiioii  of  ammoniu 
(arunintic  oxyacitls  may  someiimes  after  a  ctTlain  linu*  give  rod  nzo  iMxUfs  wiiich  cr^lor 
Ibe  upj>er  layer  of  phosphate  sediment).  In  puthologic al  urines  we  sometimta  have 
(and  this  J9  ihe  characleristic  diazo  mictivu)  a  primary  yellow  coloration,  wUh  a  very 
markeil  secondary  red  coloration  on  the  addition  of  ammonia,  and  iUa  froih  is  also  linked 
with  red.  The  upper  layer  of  the  aeditneiii  liecomes  jzreeidsli.  The  binly  whith  ^ivei 
this  reaction  is  unknown,  but  it  occurs  especially  in  the  urine  of  typhoid  palieata  (Ehb- 
LiCHk     Opinions  differ  in  regard  to  the  significance  of  this  reaction, 

RoftENBACH'e  urine  test,  wbich  consists  in  adding  nitric  aciil  drop  by  drop  to  the 
boiliui^-hoi  urine  and  obtaining  a  claret-red  coloraiiun  jind  a  bluisb-red  foam  on  sbak- 
^g,  depends  upon  the  formation  of  indie^o  pubstance*,  csi^eclnlly  indfgored.* 
■^   Fat  in  the  Urine.     The  elimination  of  a  urine  which  in  appearntice  imd  richness  in 
■fat  resembles  chyle  is  called  chylaria.     Ii  habitually  contuiua  proteid  and  often  lihrin. 
Cbyluria  occurs  mostly  in  the  inhabitants  of  the  tropics     Lipuria,  or  the  eliminalion 
of  fat  with  the  urine,  umy  api)ear  in  appiuenily  iieiilihy  persons,  Kometimes  with  and 
sometimes  without  ulhumhiuria,  in  pregnancy,  ami  nUa  in  certain  diseases,  hh  in  dia- 
betes, poisoning?  with  phosphoruB,  and  fatty  defireneration  of  tbi*  kidnrys. 

Fat  is  usually  de  tec  led  by  the  microscope.     It  may  hIho  be  dissolved  with  ether,  and 
hy  invariably  i)e  detected  by  evaporating  t be  urine  to  dryness  and  extracting  the  residue 
rith  ether. 

ChoUsterin  is  also  sometimes  found  in  the  urine  iu  chyluria  and   in  a  few   other 

Leucin  and  Tyrosin.     These  bodies  are  found  in  the  urine,  especially 
in  acute  yellow  atrophy  of  the  liver,  in  acute  phosphorus -poisoning,  and  in 

rvere  cases  of  typhoid  and  smallpox. 
DcUction  of  Leucin  and  TyTQ»in,     Tyrosin  occurring  as  sediment  may  he  identified 
by  means  of  the  microscope  ;  bnt  if  a  pofliiive  proof  la  desired,  a  recrystallization  of 
the  same  from  aminoufa  or  animonlftcal  alcohol  is  neceasary. 

To  delect  both  these  bodies  w  hen  they  occur  in  solution  in  the  urine,  proceed  in 
lie  following  mniiner  ;  The  urine  free  from  proleid  is  precipitated  by  Kasjc  lead  nce- 
Me.  the  lead  removed  from  tliu  filtrale  by  H^S,  and  concentnited  ns  much  as  pos- 
sible* The  reaidtie  i«  extrncled  with  a  small  quantity  of  atisoluie  aliohul  to  leinovo 
4l»e  urea.  The  residue  is  then  boiled  with  fdintly  ammoniRcal  alcohol,  filtered.  Ibe 
filtrate  evaporaied  to  a  amali  volume  iind  ullowet!  to  ciyslidlize.  If  no  ty rosin  ciys^ 
talis  are  obtained,  then  dilute  with  water,  precipitate  again  with  basic  lead  aeetate,  and 
proceed  ns  before.  If  tyrosin  cr^^fllals  nt;w  separate,  they  are  filtered,  and  the  fltnat© 
aliil  further  concentratt^d  lo  obtain  the  leucin  crystals. 

Arch.  f.  exp.  Path,  u,  Pbarm.,  Bd.  18,  B.  35;  Zeitftdu".  L  anal.  Chem.,  Bd.  24,  S 

*  Zellacbr.  f,  klin.  Jled.,  Bd.  5. 

*  See  Ro»in,  Virchow'a  Arch.,  Bd.  138. 
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Cystin  (C.H.NSO,),,  This  body  ie,  according  to  Battmaxis^  to  be  con- 
eiUered  «5  discilphide^  TyVy^Cxq  '  «^.^^,>nT*  **'  ^^  prmTmoslj 

meDtioned  cysteiii,  C,H^XSO,  (page  483).     Cyvtein  itadf  ia  ^r-aiiLidothio- 
lactic  acid,  ti  V/*^rv\Q||-     CrBlin  is  conreried  into  cystetii  by  nwoeot 

bjdrogeti,  and  h  recoiiTerted  into  cjstm  by  oxidation. 

BaCxaxs  and  Goldmajtn  claim  tbmt  a  snbatanoe  sunflar  to  cjstiii 
occurs  in  rerr  small  ajnoonts  in  normal  mine.  This  siibatazice  ocean  in 
Iarg9  qoantitiea  in  the  mine  of  dogs  after  poisoning  with  phosphoma. 
Cystin  itself  is  only  found  vith  positiTeneB,  and  eren  then  rery  imrdy,  in 
luiiuuy  calculi  and  in  pathological  nrinea,  from  which  it  may  separmte  as  a 
andimfint  C^tinurta  occaia  oftener  in  m«n  than  in  women,  and  cysttn 
•eems  to  be  an  abnormal  splitting  prodnct  of  the  proteids,  BAricjkKir  and 
T.  UdhIksxet  foond  in  oiine  in  cyvtinmia  the  two  dt^ln't^m^^  cadaptrm 
(pentamethjlendiamin)  and  pmir$seim  (telrametfaylaidiamin),  which  are 
piodaced  in  the  pntrelaction  of  proteids.  These  two  dmntft^  were  also 
fonnd  in  the  contents  of  the  intestine  in  cyBtinari%  whi]«  onder  nonnal 
t)onditions  thej  are  not  present,  HjLMiiAfiSTSV  tlienfo>re  eonaidieta  tfaal 
perhaps  some  connection  exists  between  the  formaticm  of  dm«m«  in  iba 
intestine,  by  the  pecuUar  pntrefactlon  in  cystinmia,  and  cystinniia  ttsdL 
Cbdarerin  was  diftccted  in  the  mine  in  cyitinnria  by  ^AomACii:^  aaid 
BftUDGEjL  Cystin  has  abo  been  fomid  in  ox-kidneys^  in  the  ltT«r  of  tka 
hofse  and  dolphin  (DnscssKL),  and  as  traces  in  the  lirer  of  a  ^wnkaid. 
KClz  *  oQoe  obaerred  the  ooemreiiee  of  cystin  dniing  the  digestion  of  ifarin 
with  pancreas. 

Cystin  crystallijDes  in  thin^  eolories^  six-sided  platea.  It  ia  not  aohtaie 
aither  in  water,  alcohol,  ether,  or  aoetb  add,  bat  diasolYw  in  mio«al  acida 
and  oxalic  acid.  It  also  diwBolTOH  in  alkalies  and  in  ammonia,  bot  not  ia 
ammoninm  carbonate.  Cystin  is  optically  acttre  and  stiongly  l»To-rotaliity^ 
If  cystin  is  boiled  with  caustic  alkali  it  decomposes,  yidding  among  otkor 
ptodneta  albdi  aalphideSr  whieb  may  be  detected  by  lead  acetate  or  aodinoi 
nitropmsside.  On  tnntzng  cystin  with  tin  and  hydrodilom  add,  only  m 
little  snlphnfettBd  hydrogen  is  erolTed  and  cystein  ts  prodnoed.  On 
■*«*^»g  m  aolntion  of  cyitin  in  an  excen  of  cainlie  sodn  with  bensoyl- 
ehlodde  a  roltiniinooa  precipitate  of  benxoylHTstin  ia  pnidaeed  (BACiiAnr 
and  GoLDMjun?).  On  heating  on  fJatinnm  foil  cystin  does  not  mdt,  hot 
ignites  and  boms  with  a  blnisk-gTeea  iame  accompanied  by  a  pecoltar 
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sbarp  odor*  On  wanning  with  nitric  acid  oystin  dissolves  with  decomposi- 
tion and  leaves  a  reddish-brown  residue  on  evaporation  which  does  not  give 
the  murexid  teat. 

Cystein  hydrochloride  gives  a  nearly  insoluble  precipitate  having  the 
composition  2{C,H,NS0,)  +  3HgClj  with  mercuric  chloride.  Baumank 
and  BoRissow  ^  h«ve  based  a  metliod  for  the  quantitative  estimation  of 
cystin  on  this  behavior*  They  first  reduce  the  cystiu  by  zinc  and  hydro- 
chloric acid. 

Cystin  is  easily  prepared  from  cystin  calculi  by  dissolving  them  in 
alkali  carbonate,  precipitating  the  solution  with  acetic  acid,  and  redissolving 
the  precipitate  in  ammonia.  The  cjstin  crystallizes  on  the  spontimeous 
evaporation  of  the  ammonia.  The  cystin  dissolved  in  the  urine  is  detected, 
in  i\\^  absence  of  proteid  and  sulphuretted  hydrogen,  by  boiling  with  alkali 
and  testing  with  lead  salt  or  sodium  nitroprusside*  To  isolate  cystin  from 
the  urine,  acidify  tlio  urine  strongly  with  acetic  acid.  The  precipitate  con- 
taining cystin  is  eoilected  after  24  hours  and  digested  with  hydrochloric 
acid,  which  dissolves  the  cystin  and  calcium  oxalate,  leaving  the  uric  ai-id 
undissolved.  Filter,  supersaturate  the  filtrtite  with  ammonia  carbonate, 
and  treat  the  precipitates  with  ammonia,  which  dissolves  the  cystin  and 
leaves  the  calcium  oxalate.  Filter  again  and  precipitate  with  acetic  acid. 
The  precipitated  cystin  is  identified  by  the  microscope  and  the  above- 
mentioned  reactions,  Cystin  as  a  sediment  is  identified  by  the  microscope. 
It  must  be  purilied  by  dissolving  in  ammonia  and  precipitating  with  acetic 
acid  and  tiien  tested.  Traces  of  dissolved  cystin  may  be  detected  by  the 
production  of  beuzoyl-cystin,  according  to  BAriiAKK  and  Uoldmaxx. 

VII.    Urinary  SedlnieutH  and  Calculi. 

Urinary  sediment  is  the  more  or  less  abundant  deposit  which  is  found  in 
the  urine  after  standing.  This  deposit  may  consist  partly  of  organized  and 
partly  of  non-organized  constituents.  The  first,  consisting  of  cells  of  various 
kinds,  yeast*fungi,  bacteria,  spermatozoa,  casts,  etc.,  must  be  investigated 
by  means  of  the  microscope,  and  the  following  only  applies  to  the  non- 
organized deposits. 

As  above  mentioned  (page  406) »  the  urine  of  healthy  individuals  may 
sometimes,  even  on  voiding,  be  cloudy  on  account  of  the  phoajihaies  present, 
or  become  so  after  a  little  while  because  of  the  separation  of  urates.  As  a 
rule,  urine  just  voided  is  clear,  and  after  cooling  shows  only  a  faint  clond 
(nubecula)  which  consists  of  so-called  mucous,  a  few  epithelium-cells,  mucous 
corpuscles,  and  urate  particles.  If  an  ncid  urine  is  allowed  to  stand,  it  will 
gradually  change;  it  becomes  darker  and  deposits  a  sediment  consisting  of 
uric  acid  or  urates,  and  sometimes  also  calcinm-oxalate  crystals,  in  which 
yeast-fnngi  and  bacteria  are  often  to  be  seen.  This  chtmge,  which  the 
earlier  investigators  called  "  acid  fermentation  of  the  urixe,*'  is  gener- 
ally considered  m  an  exchange  of  the  di-hydiT>gen  alkali  phosphates  with  the 
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biurates   of    the   urine.     Mono-hydrogen    phosphates   besides  acid  nnU 
(qiuuiriurutes)  or  free  uric  acid  or  a  mixture  of  both,  according  to  condi- 
tions/ are  liereby  formed.     The  qnadrinrates  may  also  split  into  biumt*,^ 
which  passes  into  solution,  and  crystalline  uric  acid. 

Sooner  or  later,  sometimes  only  after  several  weeks,  the  reaction  of  the  I 
original  acid  urine  clianges  and  becomes  neutral  or  alkaline.  The  urine  hai  j 
now  passed  into  the  *' alkaline  fermextatjon/'  which  consists  in  the 
decomposition  of  the  urea  into  carbon-dioxide  and  ammonia  by  means  of  lower 
organisms^  micrococcus  iireae,  bacteria  nrem,  and  other  bacteria.  MrscuLfS* 
has  isolated  an  enzyme  from  the  micrococcus  ureas  which  decomposes  urea 
and  is  soluble  in  water.  During  the  alkaline  fermentation  volatile  fattr 
acids,  especially  iuietic  acid,  may  be  produced^  chiefly  by  the  fermentation  of 
the  carboliyd rates  of  the  urine  (Salkowski '),  A  fermentation  by  which 
nitric  acid  is  reduced  to  nitrous  acid,  and  another  where  sulphnrett«d 
hydrogen  is  produced,  may  sometimes  occur. 

When  the  alkaline  fermentation  has  advanced  only  so  far  as  to  wader 
the  reaction  neutral,  we  often  find  in  the  sediment  fragments  of  uric-aci*! 
crystiils,  sometimes  covered  with  prismatic  crystals  of  alkali  urate;  dark- 
colored  spheres  of  ammonium  urate,  crystals  of  calcium  oxalate,  and 
sometimes  crystallized  cal<.'ium  phosphate  are  also  found.  Crystals  of  am- 
mouiura-magnesiiim  phosphate  (triple  phosphate)  atid  spherical  ammoniura 
urate  are  specially  characteristic  of  alkaline  fermentation.  The  urine  b 
alkaline  fermentation  becomes  paler  and  is  often  covered  with  a  fine  mem- 
brane which  contains  amorphous  calcium  phosphate  and  glistening  cryatik 
of  triple  phosphate  and  numerous  micro-organisms, 

Non^orgaiiised  SedimeEts* 

Uric  Acid.     This  acid  occurs  in  acid  urines  as  colored  crystals  which  art 
identified  partly  by  their  form  and  partly  by  their  property  of  giving  t^*  m 
murexid  test.     On  warming  the  urine  they  are  not  disaolved.     On  tW 
addition  of  caustic  alkali  to  the  sediment  the  crystals  dissolye*  and  whet%  * 
drop  of  this  Bohition  is  placed  on  a  microscope-slide  and  treated  with  a  dr^^ 
of  iiydrochloric  acid,  small  crystals  of  uric  acid  are  obtained  which  are  eaA^ 
seen  under  the  microscope. 

Acid  Urates.  These  occur  only  in  the  sediment  of  acid  or  nentr^ 
urines.  They  are  amorphous,  clay-yellow,  brick-red,  rose-colored,  or  brow^' 
ish  red.  They  ditfer  from  other  sediments  in  that  they  dissolve  on  warmic:^ 
the  nrine.  They  give  the  murexid  test*  and  small  microscopic  crjstols 
uric  acid  separate  on  the  addition  of  hydrochloric  acid.     Crystalline  alka 


»  S««  Huppen-Neubauer,  10.  Aufi.,  aad  A.  Hitter.  Zeltachr.  f.  Biologie.  Bd.  85. 

•  Musculus,  PflUger's  Arch,.  Bd.  12. 

*  Salkowski,  Zeil&clir,  1  phyaioh  Chem.,  Bd.  13. 


NONOHOANIZBD  SEDIMENTS. 


615 


urates  occur  very  rarely  in  tlie  iiriBe,  and  as  a  rule  only  in  such  as  have 
become  neutral  but  not  alkaline  by  the  alkaline  fermeutation.  The  crystals 
are  somewhat  Bimilar  to  those  of  neutral  calcium  phosphate;  they  are  not 
dissolved  by  acetic  acid,  however,  but  give  a  cloudiness  therewith  due  to 
email  crystals  of  uric  acid. 

Ammonium  urate  may  indeed  occur  as  a  sediment  in  a  neutral  urine 
which  at  first  was  strongly  acid  and  has  become  neutralized  by  the  alkaline 
fermentation,  but  it  is  only  characteristic  of  aramoniacal  urines.  This  sedi- 
ment consists  of  yellow  or  brownish,  rounded  spheres  which  are  often  covered 
with  thorny-shaped  prisms  and,  beeanseof  this,  are  rather  large  and  resemble 
the  thorn-apple.  It  gives  the  niurexid  test.  It  is  dissolved  by  alkalies  with 
the  development  of  ammonia,  and  crystals  of  uric  acid  separate  on  the  addi- 
tion of  hydroc^hloric  acid  to  this  solution. 

Cakitim  oj-alaie  occurs  in  the  sediment  generally  as  small,  shining, 
strongly  refractive  quadratic  octahedra,  which  on  microscopical  examination 
remind  one  of  a  letter-envelope.  The  crystals  can  only  be  mistaken  for 
small,  not  fully  developed  crystals  of  ammouiiim-magnesium  phosphate. 
They  differ  from  these  by  their  insolubility  in  acetic  acid.  The  oxalate  may 
also  occur  as  flat,  oval,  or  nearly  circular  disks  with  central  cavities  which 
from  the  side  appear  like  an  hour-glass.  Calcinm  oxalate  may  occur  aa  a 
sediment  in  an  acid  as  well  as  in  a  neutral  or  alkaline  urine.  The  quantity 
of  calcium  oxalate  separated  from  the  urine  as  sediment  depends  not  only 
upon  the  amount  of  this  salt  present,  but  also  upon  the  acidity  of  urine. 
The  solvent  for  the  oxalate  in  the  urine  seems  to  be  the  di-acid  alkali  phos- 
phate, and  the  greater  the  quantity  of  this  salt  in  the  urine  the  greater  the 
quantity  of  oxalate  in  solution.  When,  as  above  mentioned  (page  513),  tho 
simple-acid  phosphate  is  formed  from  the  di-acid  phosphate,  on  allowing 
the  urioe  to  stand,  a  corresponding  part  of  the  oxalate  may  be  separated  a& 
sediment. 

CaJduvi  earlonnie  occurs  in  considerable  quantities  m  sediment  in  the 
urine  of  herbivora.  It  occurs  in  but  small  quantities  as  a  sediment  in  human 
urine,  and  in  fact  only  in  alkaline  urines.  It  either  has  almost  the  same 
appearance  as  amorphous  calcium  oxalate,  or  it  occurs  as  somewhat  larger 
spheres  with  concentric  bands.  It  dissolves  in  acetic  acid  with  the  genera- 
tion of  gas,  which  differentiates  it  from  calcinm  oxalate.  It  is  not  yellow 
or  brown  like  ammonium  urate,  and  does  not  give  the  murexid  test, 

Cairium  tnlphnte  occurs  very  rarely  as  a  fiedhiictit  to  stronffly  ncld  urine.     It  App«Art 
fta  long,  thin,  colorit^ss  needles,  or  generally  ns  plates  groapeiribgeihcr. 

Calcium  Phosphate.  The  calcium  triphosphate,  Ca,(POJ, ,  which 
occurs  only  in  alkaline  urines,  is  always  amorphous  and  occurs  partly  as  a 
colorless,  very  fine  powder  and  partly  as  a  membrane  consisting  of  very  fine 
granules.  It  differs  from  the  amorphous  urates  in  that  it  is  colorless,  dis- 
solves iu  acetic  acid,   but   remains   undissolved   on   warming   the   urine* 
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Calcicm  diphosphate,  CallPO^  +211/),  occurs  in  neatral  or  only  mverj 
fiiiiitly  acid  urine.  It  is  found  somt-timea  iis  a  thin  Elm  covering  the  urine, 
and  sometimes  as  a  sediment.  In  crystallizing,  the  crystiUs  may  be  angles 
or  they  nmy  cross  one  another,  or  they  may  be  arranged  in  groups  of  color- 
less, wedge-shaped  crystals  whose  wide  end  is  sharply  defined.  These  crya^ 
tals  (lifter  from  crystalline  alkali  urates  in  that  they  dissolTe  without  i 
residue  in  dilute  acids  and  do  not  give  the  muresid  test. 

jimmoui  urn -maples  ium  phmphate^  triple  phosphate,  may  separate  of 
<50urse  from  an  amphoteric  urine  in  the  presence  of  a  sufficient  quantity  d 
ammonium  Sidts,  hut  it  is  generally  characteristic  of  a  urine  become 
iimmoniacal  through  alkaline  fermentation*  The  crystals  are  so  large  that 
they  may  bo  seen  with  the  unaided  eye  as  colorless  glistening  particlefliJi 
the  sediment,  on  the  walls  of  tlie  vessel,  and  in  the  ^Jm  on  the  surface  of 
the  urine*  This  salt  forms  large  prismatic  crystals  of  the  rhombic  gystem 
(coffin-shaped)  which  are  easily  soluble  in  acetic  acid.  Amorphous  ma^ 
sium  iriphosphate,  Mg,(POJ^,  occurs  with  calcium  triphosphate  in  urina 
rendered  alkaline  by  a  fixed  alkali.  Crystalline  magnesium  phosphate, 
Mg,{POj, -f  22H,0,  has  been  observed  in  a  few  cases  in  humaa  urinfi 
(also  in  horse's  urine)  as  strongly  refractive,  long  rhombic  plates* 

Ki/eMein  Is  tlie  film  which  appears  after  a  little  while  on  the  iurface  of  tlie  urine.  This 
coatiug^j  which  was  formerly  considered  as  chamcteristic  of  uriDe  in  pr^jgoaacyj  coflUiw 
various  elements,  such  as  fungi,  vihriones,  epithelium-c«Ua,  etc.  It  ofiea  contibi 
eartiiy  plioaplmtes  tuid  triple-pliosplmle  crystals. 

As  mote  rare  sedimenta  we  tind  ct/tfUn,  t^i/tin,  hippunc  acid,  xantfdn,  fiomateiM* 
la  aikailne  iirme  blue  crysti&ls  of  indigo  amy  lilso  occur,  due  to  a  decompositioa  of 
indoiyl-glycuroak  acid* 


ITrinaxy  Galciili* 

Besides  certain  pathological  constituents  of  the  urine^  all  those  unuAry 
constituents  which  occur  as  Bediments  take  part  in  the  formation  dt  tbi 
urinary  calculi.  Ebstein  *  considera  the  essential  di£terence  between  si^ 
amorphous  or  crystalline  sediment  in  the  urine  on  one  side  and  urinafj 
sand  or  large  calculi  on  the  other  to  b©  the  occurrence  of  an  organic  fmiDd 
in  the  last.  As  the  sediments  which  appear  in  normal  acid  urine  and  in  » 
urine  alkaline  through  fermentation  are  different,  so  also  are  the  urinarj, 
calculi  which  appear  under  corresponding  conditions. 

If  the  formation  of  a  calculus  and  its  further  development  take  place  i: 
an  undecomposed  urine,  it  is  called  a  primary  formation.     If,  on  the  coi 
trary,  the  urine  has   undergone  alkaline  fermentation  and  the  ammoaiA 
formed  thereby  has  given  rise  to  a  calculous  formation  by  precipitat 
ammonium  urate,  triple  phosphate,  and  earthy  phosphates,  then  it  is  call 
a  SEGONiJARY  formation.     Such  a  formation  takes  place,  for  instance,  whi 
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foreign  body  in  the  bladder  produces  catarrh  accompanied  by  alkaline 
trmentaticD. 

We  diBcrimiuate  between  tlie  nucleus  or  nuclei — if  such  can  be  seen — 
id  the  different  layers  of  the  calculus.  The  nucleus  may  be  essentially 
ifferent  in  different  cases,  for  quite  frequently  it  consists  of  a  foreign  body 
troduced  into  the  bladder.  The  ctilculys  may  have  more  than  one  no- 
lens. In  a  tabulation  made  by  Ultzmann  of  545  cases  of  urinary  calculi, 
tie  nncleus  in  80. 9j^  of  the  cjises  consisted  of  uric  acid  (aud  orates);  in 
•6^,  of  calcium  oxalate;  in  SJ}'j^,  of  earthy  phosphates;  in  1.4,^,  of  cystin; 
Eld  in  3.3;^,  of  some  foreign  body. 

During  the  growth  of  a  calculus  it  often  happens  that,  for  some  reason 
r  other,  the  original  calculus-forming  substance  is  covered  with  another 
iyer  of  a  different  substance.  A  new  layer  of  the  original  substance  may 
.eposit  on  the  outside  of  this,  and  this  process  may  be  repeated.  In  this 
ray  a  calculus  consisting  originally  of  a  simple  stone  may  be  converted  into 
.  eo-called  compound  stone  with  several  layers  of  differont  substances. 
Such  calculi  are  always  formed  when  a  primary  is  changed  into  a  secondary 
formation.  By  the  continued  action  of  an  alkaline  urine  conbiining  pus, 
the  primary  constituents  of  an  originally  primary  calculus  may  be  partly 
diasolved  and  be  replaced  by  phosphates.  Metamorphosed  urinary  calculi 
tre  formed  in  this  way. 

Vric-acid  calculi  are  very  abundant.  They  are  variable  in  size  and 
lorm.  The  size  of  the  bladder-stone  varies  from  that  of  a  pea  or  bean  to 
!that  of  a  goose-egg.  Uric-acid  stones  are  always  colored;  generally  tliey 
(ire  grayish  yellow,  yellowish  brown »  or  pule  red-brown.  The  upper  surface 
is  sometimes  entirely  even  or  smooth,  sometimes  rough  or  uneven.  Next 
io  the  oxalate  calculus,  the  uric-acid  calculus  is  the  hardest.  The  fractured 
surface  shows  regular  concentric,  unequally  colored  layers  which  may  often 
he  removed  as  shells.  These  calculi  are  foimed  primarily.  Layers  of  uric 
acid  sometimes  alternate  with  other  layers  of  primary  formation,  most 
frequently  with  layers  of  calcium  oxalate.  The  simple  uric-acid  calculus 
leaves  very  little  residue  when  burnt  on  platinum-foil.  It  gives  tho 
murexid  test,  but  there  is  no  material  development  of  ammonia  when  acted 
on  by  caustic  soda. 

Ammoniiwi -urate  calctdi  occur  as  primary  calculi  in  new-bom  or  nurs- 
ing infants^  rarely  in  grown  persons.  They  often  occur  as  a  secondary 
formation.  The  primary  stones  are  small,  with  a  pale-yellow  or  dark- 
yellowish  surface.  When  moist  they  are  fUmost  like  dough;  in  the  dry  state 
they  are  earthy,  easily  crumbling  into  a  palo  powder.  They  give  tha 
mnrexid  test,  and  develop  much  ammonia  with  caustic  soda» 

Calcium-oxalate  calculi  are,  next  to  uric-acid  calculi,  the  most  abundant. 
They  are  either  smooth  and  small  (hemp-seed  calci'Li)  or  larger,  of  the 
size  of  a  hen's  egg,  with  rough,  uneven  surface,  or  their  surface  is  covered 
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with  prongs  (mulberrt  calculi).  These  calculi  produce  bleeding  easilj, 
and  therefore  they  often  have  a  dark-brown  surface  due  to  decomposed  blood- 
coloring  matters.  Among  the  calculi  occurring  in  man  these  are  the  hardest- 
They  dissolve  in  hydrochloric  acid  without  developing  gas,  but  are  noi 
soluble  in  acetic  acid*  After  gently  heating  the  powder,  it  dissolves  in  acetic 
acid  with  frothing.  With  more  intense  heat  it  becomea  alkaline,  due  to  the 
production  of  quicklime. 

Phosphate  Calculi  These,  which  consist  mainly  of  a  mixture  of  the 
normal  phosphate  of  the  alkaline  earths  with  triple  phosphate,  may  be  verj 
large.  They  are  u.s  a  rule  of  secondary  formation,  and  contain  besides  these 
phosphates  also  some  ammonium  urate  and  calcium  oxalate.  These  calctdi 
ordinarily  consist  of  a  mixture  of  these  three  constituents,  eartiiy  pbosphite^ 
triple  phosphate,  and  ammonium  urate,  surrounding  a  foreign  body  us  a 
nucleus.  Their  color  is  variable — white,  dingy  white,  pale  yellow,  some- 
times violet  or  lilac-colored  (from  indigo- red).  The  surface  is  always  roogk 
Calculi  consisting  of  triple  phosphate  alone  are  seldom  found.  Ther  are 
ordinarily  small,  with  granular  or  radiated  crystalline  fracture.  Stonearf  I 
mono-acid  calcium  phosphate  are  also  seldom  obtained*  They  are  white  and 
have  beautiful  crystalline  texture.  Tiie  phosphatic  calculi  do  not  bam  np, 
and  the  powder  dissolves  in  acid  without  effervescence,  and  the  solution  giTee 
the  reactions  for  phosphoric  acid  and  alkaline  earths.  The  triple-pbosphate  J 
calculi  generate  ammonia  on  the  addition  of  an  alkali.  I 

Oaleium^earbonaU  cukuU  occur  chiefly  In  berblvora.  They  ar«  seldom  found  in  mia 
They  have  mostly  chalky  properties,  and  are  ordinarily  white.  They  are  compkifllyot 
Iq  great  part  dissolved  by  acids  wilb  t^ffervestpnce. 

Oystin  calculi  occur  but  seldom.  Tliey  are  of  priiufiry  formatioD,  of  various  siJ<*» 
Bometimes  as  Urge  m  a  ban's  egg.  Tbey  have  a  smooth  or  rough  surface,  are  white  « 
pale  yellow,  and  have  a  cryataHiue  fracture.  They  are  not  very  hard  ;  they  arc  coo* 
iumed  almost  cDiirely  on  platioiim  foil,  buroing  with  a  bluish  flame.  They  give  ti* 
above -mentioned  reacliona  lor  cystic. 

Xanihin  ealeitli  lire  very  rarely  fouod.     They  are  iilso  of  primary  formatioD.    They  ■ 
vary  from  the  size  of  a  pea  to  that  of  a  hen's  egg.     They  are  whitish,  vellowiBh  broifttl 
or  ciD  nam  on -brown  in  color,  of  medium  hardnesa,  with  amorphous  fracture,  and  ots  ■ 
rubbing  appear  like  wax.     They  burn  up  completely  when  healed  on  platiDum  foil. 
They  give  tbe  xaothln  reaction  with  nitric  acid  and  alkali,  Imtthis  must  not  he  mistaken 
for  the  murexhl  t(^t. 

Uroat^ulWi  calculi  have  been  obserTcd  only  a  few  times.  In  the  moist  state  they  affl 
soft  and  elastic  at  the  temperature  of  the  body,  but  in  the  dry  slate  they  are  brittle,  wllk 
an  amorphous  fracture  and  waxy  appearance.  They  burn  with  a  luminous  flama 
when  heated  on  platinum  foil,  and  generate  an  odor  similar  to  resin  or  shellac,  Suchi 
calculus,  investigated  by  Krukknbkrgv  consisted  of  |mrafline  derived  from  a  partifflr* 
bougie  used  as  a  sound  on  tbe  patient.  Perhaps  the  urostenlith  calculi  observed  in  other 
cases  had  a  similar  origin,  although  the  Bubetimces  of  which  they  consisted  have  not  beea| 
closely  studied.  Horbaczewski  has  recently  analyzed  a  case  of  iinisteallth  which,  \% 
all  appearances,  was  formed  In  the  bladder.  This  calculus  contained  25  p.  m»  mmU 
8  p.  m.  inorganic  bodies,.  117  p.  m.  bodies  insoluble  in  ether,  and  850  p.  m,  organ 
bodies  soluble  in  elher,  among  which  were  515  p.  m.  free  fatty  acids,  335  p.  ro.  fiil,  an 
traces  of  cboleaierin.  The  fatty  acids  consisted  of  a  mixture  of  stearic,  palmitic,  and 
probably  myrlstic  acids. 


^  Chem.  Uotersuch.  z.  wlsscnsch.  Med.«  Bd,  2. 
19.  S.  422. 


Cited  from  Maly*s  Jabreslier  ,  Bd. 
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HouBACZEWSKi  ^  has  also  analyzed  a  bladder-stone  which  cootaioed  958.7  p.  m.  eh^^ 
tetUnn. 

Fibrin  calculi  sometimes  occur.  They  coasbt  of  niore  or  leaa  cbsoged  fibrin  coagti- 
lum.     Ou  btiraiDg  tlicj  develop  an  odor  of  burot  boru. 

Tho  chemical  ifimstigaiion  of  urinary  calcuh  is  of  great  practical  impor- 
tanco.  To  make  such  an  exainination  actually  iDstructive  it  ia  necessary  to 
investigate  separately  the  different  layers  which  eonetitute  the  calculus. 
For  this  purpose  saw  the  calculus,  previously  wrapped  in  paper,  with  a  fine 
«aw  so  that  the  nucleus  becomes  accessible.  Then  peel  oil  the  different 
layei-s,  or,  if  the  stone  is  to  be  kept,  scrape  off  enough  of  the  jiowder 
from  each  layer  for  examination.  Tliia  powder  ia  then  tested  by  heating  ou 
platinum  foil*  It  must  not  be  forgotten  that  a  calculus  is  never  entirely 
burnt  up,  and  also  that  it  ia  never  so  fre6  from  organic  matter  that 
on  heating  it  doea  not  carbonize.  Do  not,  therefore,  lay  too  great  stress  on 
a  very  insigniticant  uuburnt  residue  or  on  a  very  small  amount  of  organic 
matter,  but  consider  the  calculus  in  tlie  former  case  as  completely  burnt  and 
in  the  latter  as  not  burnt. 

When  the  powder  is  in  great  part  burnt  up,  hut  a  significant  quantity  of 
unhurnt  residue  remains,  then  the  powder  in  question  contains  aa  a  rule 
urates  mixed  with  inorganic  twxiies.  lu  such  cases  remove  the  urate  with 
boiling  water,  and  tht^n  test  the  tiltrat^  for  uric  acid  and  the  !iiU3|iected  bases. 
The  residue  is  then  tested  according  to  the  following  schema  of  IIellek, 
which  is  well  adapted  to  tlie  investigation  of  urinary  calculi.  In  regard  to 
the  more  detailed  examination  the  reader  ia  referred  to  special  w^orks  on  the 
subject. 


>  Zetlaclir.  t  physiol.  Cbem,,  Bd.  IS. 
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CHAPTER  XVI, 


THE  SKIK  AND  ITS  SECRETIONS, 


iN  the  Btrncture  of  the  skin  of  miin  and  vertebratee  many  different 
Unds  of  sabstances  occur  which  liave  already  been  treated  of,  snch  as  the 
constituents  of  the  epidermis  formation,  the  connective  and  fatty  tissueH, 
the  nerves,  mnsclee,  etc.  Among  these  the  d liferent  horn-formatione,  the 
htdr^  nails,  etc,  whose  chief  coostitnent^  keratin,  has  been  spoken  of  in 
another  chapter  (Chap.  II),  are  of  special  interest. 

The  cells  of  the  horny  formation  show,  in  proportion  to  their  age,  a 

different  resistance  to  chemical   reagents,  especially  fixed   alkalies.     The 

younger  the  horn-cell  the  less  resistance  it  has  to  the  action  of  alkalies;  with 

advancing  age  the  resistance  becomes  greater,  and  the  cell-membranes  of 

many  horn-formations  are   nearly  insoluble  in  cans  tic   alkalies.     Keratin 

occora  in  the  horn-formation  mixed  with  other  bodies,  from  which  it  is 

^  isolated  with  difficulty.     Among  these  bodies  the  mineral  constitnents  in 

f  many  cages  occnpy  a  prominent  place  becanse  of  their  quantity.     Hair 

leaves  on  bnrning  5-70  p.  m.  ash,  which  may  contain  in  1000  parts  230 

parts  alkali  sulphates,  140  parts  calcium  sulphate,  100  parts  iron  oxide, 

and  even  400  parts  silicic  acid.     Dark  hair  on  burning  seenia  generally, 

although  not  always,  to  yield  more   iron   oxide   than  blond.     The  nails 

ar©  rich  in  calcium  phosphate,  and  the  feathers  rich  in  silicic  acid,  which 

Drechsel'  claims  exists  in  part  in  organic  combination  aa  an  ester. 

H        The  grannies  occurring  in  the  stratum  granulosum  of  the  skin  consist  of 

"a  aabetance  which  has  been  called  eleidtn^  and  which  ia  considered  as  an 

intermediate  step  in  the  transformation  of  the  protoplasm  into   keratin. 

The  chemical  nature  of  this  sohstance  is  unknown. 

The  skin  of  invertebrates  has  been  the  subject,  in  a  few  cases,  of 
chemical  investigation,  and  in  these  animals  varions  substances  have  been 
found,  of  which  a  few,  though  little  studied,  are  worth  discussing.  Among 
these  bodies  tunicin,  which  is  found  especially  in  the  tunic  of  the  tunicata, 
and  the  widely  diffused  chitiny  found  in  the  cuticle-formation  of  inverte- 
brates, are  of  interest* 

Tiualoln.  Cellulose  seenip,  accord! Dg  to  the  JnvfcsllgatloES  of  Amrronn,  to  occur 
rather  extensively  tix  the  animal  kingdom  in  the  arlljrr>poiifi  and  the  molhisks.  Il  Jjas 
been  known  for  a  long  time  as  tlxe  tunic  of  the  tunicata,  and  ihis  animal  celhilose  was 
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ctilleil  tunicin  by  Berthelot.  According  to  tho  recent  I u vest i gallons  of  WnrrnaTW!! 
tUere  cloea  not  seem  lo  exist  any  murked  differeoce  between  tuoicin  aod  ordiutrj-  fe^je- 
table  ceilulose.  On  boiling  with  diluit;  acid  ttiiiiciD  yields  dextrose,  as  shown  first  by 
Fkanchimont*  aud  Ittler  conlirmed  by  Wintehstein. 

Cbitln  is  uot  found  in  Tertebrates.  Iq  invertebrates  chitia  is  alleged  to 
occar  in  several  classes  of  animals;  bat  it  can  only  be  positively  aflserted 
tbat  true,  typical  cliltin  is  fotind  only  in  articulated  animals^  in  which  it 
forms  the  chief  organic  constituent  of  the  shell,  etc.  Ac^jordiag  to 
Krawkow'  chitin  of  the  shell,  etc.,  does  not  seem  to  occur  free,  bat  in 
combination  with  another  substance,  probably  a  proteid*like  body,  Chitin 
also  occurs,  according  to  Gilson  and  Winterstein,*  in  certain  fangL 

According  to  SuKDViK  the  formula  of  chitin  is  probably  C,,n,^^N,0^ 
-f-  «(H,0),  where  n  may  vary  between  1  and  4,  and  it  is  probablj  to 
amine  derivative  of  a  carbohydrate,  with  the  general  formula  w{C^^H„0,j, 
According  to  Keawkow  chitin  shows  different  origins  by  its  noeqail 
behavior  with  iodine,  and  he  therefore  concludes  that  there  must  eiijt 
^|tlite  a  group  of  chitins,  which  seem  to  be  amine  derivatives  of  different 
carbohydrates,  such  as  dextrose,  glycogen,  dextrins,  etc.  According  to 
Zander*  only  two  chitins  exist,  one  of  which  turns  violet  with  iodine  and 
zinc  chloride,  and  the  other  brown. 

Chitin  IS  decomposed  on  boiling  with  mineral  acid:3  and  yields,  as  sliown 
by  Leoderhose,  f/hicosaTnin  and  acetic  acid.  Scumiedeberg  '  thertfore 
considers  chitin  aa  a  probable  acetyl  acetic-acid  combination  of  glncosamin- 
If,  as  previonsly  mentioned  (page  318),  the  chondroitin-snlphuric  icid 
contains  a  glucosamin  gronp,  as  made  probable  by  the  investigations  ol 
ScnMiEDEBERG,  then,  according  to  Schmiedererg,  glacosamin  forms  the 
bridge  which  leads  from  the  chitin  ol  lower  animals  to  the  cariilags  o( 
higher  organized  beings. 

In  the  dry  state  chitin  forms  a  white,  brittle  mass  retaining  the  fonn  of 
the  original  tissae.  It  is  insoluble  in  boiling  water,  alcohol,  ether^  ac«tic 
acid,  dilute  mineral  acids,  and  dilute  alkalies*  It  is  soluble  in  concentrated 
acids.  It  is  dissolved  without  decomposing  in  cold  concentrated  hydro- 
chloric acid,  but  is  decomposed  by  boiling  hydrochloric  acid.  When  chitilfl 
is  dissolved  in  concentrated  sulphuric  acid  and  the  solution  dropped  into 
boiling  water  and  then  boiled,  we  obtain  a  substance  (glucosamiD|  chitos- 
«min)  which  reduces  copper  snboxide  in  alkaline  solntions.     On  heating 


*  Amhronn,  Maly'i  Jnhreaber.,  Bd,  20  :  Berilielot,  Auaal  de  Chim*  et  Phya.,  Ton 
56.  CumpL  rend..  Tome  47 ;  WiiiteisleiQ,  Zeftschn  f.  pbysloi.  CheiD.,  Bd.  18;  Fr 
mont,  Ber.  d*  deulsch.  ckem.  Geaellsch*,  Bd.  12. 

*  Zcitscbr.  f.  Biologie.  Bd.  29. 
»  QiUon,  Compt.  rend..  Tome  120;  Wiulerutein,  Ber.  d.  deutscb.  diem.  GeaeU 

Bdd.  27  fuid  28. 

*8uiicivilt,  Zeitfichr,  f.  physio!.  Chem..  Bd.  5;  Zttoder,  rflUger*«  Arch..  Bd.  (ki. 

*  Ll  tide  I  Lose,  Zelischr.  f.   phyBlol.  Cbem.,  Bdd.  2  aud  4 ;  Schmiedehcrg.  Arcli. 
«ip>  Path.  u.  Phttrm..  Bd.  28. 
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cliitin  with  alkali  and  a  little  water  to  180°  C*  a  clearage  takea  place, 
according  to  Hoppe-Setlek  and  Araki/  with  the  formation  of  a  new 
Bubstance,  chitosan^  Cj^II^NjO,^ ,  wliich  retains  the  shape  of  the  original 
ohitin  and  tlie  splitting  oS  of  acetic  acid.  Chitosan  is  dissolved  bj  dilute 
acidSf  also  acetic  acid,  and  is  colored  violet  by  a  dlltite  iodine  soltitioi].  It 
splits  into  acetic  acid  and  gliicosamin  by  the  action  of  hydrochloric  acid. 
On  heating  with  acetic  anhydride  it  is  converted  into  a  chi tin-like  sub- 
atance,  which  is  not  identical  with  chitin  and  contains  at  lea^t  three  acetyl 
groups.  According  to  Krawkow  the  various  chitios  behave  differently 
with  iodioe  or  with  salphnric  acid  and  iodine,  in  that  some  are  colored 
reddish  brown,  blae,  or  violet^  while  others  are  not  colored  at  all. 

Chitin  may  be  easily  prepared  from  the  wings  of  insects  or  from  the 
shells  of  the  lobster  or  the  crab,  the  last  mentioned  having  first  been 
extracted  by  an  acid  so  as  to  remote  the  lime  ealta.  The  wings  or  shells 
are  boiled  with  caustic  alkali  nntil  they  are  white,  afterward  washed  with 
water,  then  with  dilute  acid  and  water,  and  lastly  extracted  with  alcohol 
and  ether.  If  chitin  bo  prepared  is  disaolved  in  cold,  concentrated  snlphnric 
acid  and  diluted  with  cold  water,  then  pure  chitin  separates  out,  having 
been  set  free  from  the  combination  with  the  other  body  (Kraw^kow). 

Ohitommin,  glncosamin,  has  recently  heeri  prepared  in  the  crystal] ine  slate  hf  db 
Br^yn  JiDil  VAN  Kkensiein  iiiid  ftl^i>  by  Bhelieh."  It  is  remarkably  easily  soluble  In 
wilier,  but  whk  difflctilly  iti  I'Okl  and  hot  ttbyl  akohol  nod  in  cokl  rrvelhyl  aleohoL  It 
is  insoluble  !u  etlier  uad  cUloruform.  It  is  dextro-rotatory*  bas  a  Blrong  redueiag  nctiou, 
and  decomposes  very  readily.  Chkofiarnio  gives  a  pbenylglueosjizoD  with  phenyibydra- 
ziu  and  acelic  acid.  In  meihyl-alc«4iol  sohitirm  a  crystalline  pubslaoce  gradually  settles 
which  is  identifttl  with  the  Biibatimce  wbicb  slowly  detM)sit8  from  a  Bolutlon  of  levulo«e 
in  amnooiiiacal  uiethyl  alcohol.  TIjc  formation  of  this  substance,  which  dk  BRUTNaud 
Ekenbtein  Lave  railed  fructosamin,  and  wbicb  gives  no  combination  with  liyc!ro chloric 
Bjcid»  shows,  iiccordiiig  to  these  In  vesfi gators,  lliwl  I  he  sugar  from  which  ciiitoajimiu  is 
derived  stands  in  connection  with  ordinary  levu lose  (see  i>rige75). 

Chitosftmin  hydrochloride  is  readily  oblalaed  by  boiling  chiliu  (lobster  shell)  wllli 
concent juted  hydrocliloric  acid, 

Hyalin  is  tlie  chief  organic  constituent  of  the  walls  of  hydatid  cysts.  FW)m  a  chetn- 
kal  point  of  view  it  stands  cloie  to  chitin,  or  between  it  and  the  proleid.  In  old  and 
more  transfmrent  sacs  it  is  tolerably  free  from  mineral  bodies,  but  in  younger  sacs  it  con- 
*Aiij8  a  great  quantity  (10?^)  of  lime  salts  (carbooatev  phosphate*  and  sulphate). 

According  to  Lxjcke  •  its  compositiou  is  : 

C  H  N  0 

From  oM  cysts 45.3        6.5        5.2        4S.0 

From  young  cysts 44.1        6.7        4,5        44.7 

It  differs  from  keratin  on  the  one  hand  and  from  proleids  on  tlie  other  by  the  absence 
of  sulphur,  also  by  its  yielding,  when  boiled  with  dilute  suipiniric  acid,'  a  variety  of 
sugar  in  large  qnaiilitfea  (50tt),  wliicli  h  reducing,  fermentable,  nud  dcAirogyrale.  It 
difitrs  from  chitin  by  the  property  of  being  gradually  dissolved  by  caustic  potash  or  soda, 
or  by  dilute  acids  ;  also  by  its  solubility  on  heating  with  water  to  150*  C. 

Thi  coloring  matters  of  the  skin  and  horn- format  ions  are  of  different 
kinds,  but  have  not  been  mnch  studied.     Those  occurring  in  the  stratum 


*  Zeitschr.  f.  pbyslol.  Cbem..  Bd.  20. 
■  De  Bruyn  and  Ekenatein,  Ber.  d, 

Breuer,  ibid..  S.  2193. 

•  Virchow^s  Arch.,  Bd.  10, 


deuis^K  chem,  GeseUsch.,  Bd.  81,  3*  2470 ; 
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Malpighii  of  the  skin,  especially  of  the  negro,  and  the  black  or  browQ 
pigmeot  occnrring  in  the  hair,  belong  to  the  group  of  pignaents  whicli 
have  received  the  name  melanins. 

MelaninB.     This  groop  includes  several  different  rarieties  of  amorphonj 
black   or  brown   pigments  which  are  insoluble  in   water,   alcohol,  eiher,| 
chloroform,  and  dilute  acids,  and  which  occur  in  the  skin,  hair,  epithelium- 
cells  of  the  retina,  in  sepia,  in  certain  pathological  formations,  and  in  tim ' 
blood  and  urine  in  disease      Of  these  pigments  there  are  a  few,  each  utiie 
melanin  of  the  eye,   Schmiedebero's  survomelanin^  and    that  from  the 
melanotic  sarcomata  of  horses,  the  hippoinelanin  (Nencki  and  Berdez'), 
which  are  soluble  with  difficulty  in  alkalies,   while   others,  «ach  as  tb^l 
pigment  of  the  hair  and  tlie  coloring  matter  of  certain  pathological  awelliagt 
ill  man,  the  phr/matorusiu  (Xencki   and   Berhez),  are  easily  soluble  ia 
alkalies.     The  humus-like  products,  called  melanoidw  acids  by  ScHHiiDt- 
BERQ,  obtained  on  boilitig  proteids  with  mineral  acids,  are  rather  miW 
soluble  in  alkalies.     Ckittkxdkn  and  ALBUo^have  prepared  melanin-liltt 
pigments  by  boiling  antialbumid  and  hemipeptone  with  dilute  salphoric 
acid*     They  were  insoluble  in  water,  alcohol,  and  ether,  but  were  soluble,  on 
the  contrary,  in  dilute  alkalies.     The  composition  w^aa  somewhat  different 
according  to  the  length  of  boiling.     The   melanin  from  antialburoid  ttii 
poorer  in  carbon   (54-58jlS)   and   richer  in   sulphur   (4.35-7,7^)   than  the 
melanin   from   hemipeptone,    which    contained    *jL5j^   carbon    and  %i^H 
snlphnr. 

Among  the  raelauins  there  are  a  few,  for  examples  the  choroid  pigment^ 
which  are  free  from  snlphur;  others,  on  the  contrary,  as  earcomelanin  aad . 
the  pigment  of  the  hair  and  of  horse-hair,  are  rather  rich  in  snlphnr  (2-4:<)»l 
while  the  phymatonisin  found  in  certain  swellings  and  in  the  urine  (Xexcki 
and  Berdez,  K,  Mohnek)  is  very  rich  in  sulphur  (8-10;^).     Whether  any 
of  these  pigments,  especially  the  phymatorusin,  contains  any  iron  or  not  it 
an  important  though  disputed  point,  for  it  leads  to  the  qnestion  whether^ 
these  pigments  are  formed  from  the  blood -coloring  matters.     The  pigmenl™ 
phymatonisin,  isolated  by  Ni:ycKi  and  Berdez  from  melanotic  sarcomata, 
is,  according  to  them,  free  from  iron  and  is  not  a  derivative  of  haemoglobin^ 
K,  MoRKER  and  later  also  Brandl  aud  L,  Pfeiffer  found,  on  the  coo-B 
trary,  that  this  pigment  did  contain  iron,  and  they  consider  it  as  a  derivt- 
tive  of  the  blood -pigments.     The  sarcimielanin  (from  a  sarcomatous  liver) 
analyzed   by  ScnMiEDKUERO   contained  2.7^  iron,  which   was  in  organic 
combination   in   part   and   could   not   be   completely   removed    by   dilute 
hydrochloric  acid.     The  sarcomelaninic  acid  prepared  by  Schmiedebebo 
by  the  action  of  alkali  on  this  melanin  contained  1.07*i  iron.     The  difti-. 


»  Arcb.  f.  exp.  Path,  u-  Ptmrin.,  Bdd,  20  and  S4. 
*  Amer.  Joum,  of  Physiol,,  Vol.  3. 
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CTiltiM  whicTa  attend  the  isolation  uial  purification  of  the  melaning  hare  not 
been  overcome  in  certain  cases,  wliile  in  others  it  is  questionable  whether 
the  final  product  obtained  has  not  another  composition  than  the  original 
coloring  matter,  owing  to  the  energetic  chemical  processes  resorted  to  in  its 
pnTitication,  Under  such  circnmstauces  it  seems  that  a  tabulation  of  the 
analyses  of  different  melanin  preparations  made  np  to  the  present  time  are 
of  secondary  importance*  ^ 

The  one  or  more  pigments  of  the  human  hair  hare  a  low  percentage 
of  nitrogen,  8.5?^  (Sieber),  and  a  variable  but  considerable  amount  of 
sulphur,  "1,11-^.1^%.  The  great  quantity  of  iron  oxide  which  remains  on 
incinerating  hair  does  not  seem  to  belong  to  the  pigments*  The  pigment 
of  the  negro'S  skin  and  hair  was  found  entirely  free  from  iron  by  Abel  and 
Davis." 

Id  addiitoo  to  the  coloring  matters  of  the  human  skin  it  is  In  place  here  to  Ireat  of 
the  pigm«uts  fouod  Id  the  skiD  or  epideruiia-formatloD  of  iinitDnlB. 

The  beautiful  color  of  ihe  feaibers  of  maoj  birds  de[^>eudB  Id  certain  c^ses  od  purety 
pUysical  causes  nnltrfereuce-pheDumetia),  but  iw  other  cases  on  coloriDg  matters  of  vftri- 
ous  kiti(1s«  Such  u  coloring  mnUer  is  Ibe  amorphous  reddish-violet  tuToHti^  which  ron- 
tairtfl  7^  copper  and  whose  Bpeelrum  is  very  sitidlar  to  that  of  oxybttmoglobiiK  Kru* 
[xbnbbkg'  found  a  large  Dumber  of  coloring  ntatters  in  birds'  feathtra.  uauiely,  toaei^* 
ihrin,  icofulvin,  tiirac<N>er(iint  zoorttbin,  ptnttaecfutvin,  and  others  which  cannot  be 
en um<^ rated  here. 

Tfitronerythrin,  go  named  by  Wurm,  la  a  red  amorphotis  pigment,  which  is  soluble  In 
alcohol  and  ether,  and  which  occurs  in  the  red  warty  spots  over  the  eyes  of  tlie  heath- 
cock  and  ihe  grouse,  and  which  is  very  widely  spreaJ  among  the  inverlebrates  I  Halli- 
burton, Dk  Merkjkowbki,  MacMcnn).  Besides  letroueryihrio  MacMdnn  found  in 
the  sheila  of  crubs  and  lobsters  a  blue  coloring  matter,  tyanorry^UtUin,  wliich  turns  red 
with  acids  and  by  boiling  water.  Hoematvparphyrin,  according  to  MacMunn,*  also  oc- 
curs in  the  integuments  of  certain  lower  animals. 

In  Lertaiu  butterflies  Uhe  pleridiDas)  the  white  pigment  of  the  wings  consists^  as  shown 
by  HoPKJN*^.'  of  uric  acid,  and  ihe  yellow  pigment  of  a  uric-acid  derivative, /^pufo^ir  acid, 
which  yields  a  purple  substance,  Ujndoporphjfrin,  on  warming  with  dilute  sulphuric  acid. 

In  addition  to  tbe  coloring  matters  thus  far  mentioned  a  few  others  found  in  certain 
animuls  (though  not  in  the  skin)  will  be  spoken  of. 

Carminio  aeld,  or  the  re«l  pigment  of  the  cochineal,  gives  on  oxidation »  accf^rding  to 
LiBBERMANN  and  VoawiNCKEL,*  eoeheniUie  acid,  Ci»H,Ot,  and  coecinie  tirtd^ 
CtHtOft.  the  first  being  tbe  tri-carbonic  acid,  and  the  other  llie  dicarbonic  acid  of 
in*cresol.  Ttie  beautiful  purple  solution  of  ammonium  carminatc  has  two  absorption- 
bands  between  B  and  ^  which  are  similar  to  those  of  oxyhflemoglobin.  These  hnnds  lie 
nearer  to  Etvnd  closer  together  and  are  lew  sharply  defined.  Purple  is  the  evaporated 
residue  from  the  purple*violet  secretion,  caused  by  the  action  of  the  sunlight,  from  the 


»  Schmiedeherg,  **  Elemeotarformeln  einiger  EiweisskOrper/'etc..  Arch,  f,  eip.  Path. 
ti.  Pharni,,  Bd,  80,  containn  the  analyses  of  other  Investigators  as  well  as  tbe  pertinent 
Hterature.     See  also  K.  MOrner»  Zeitschr.  f,  physiol.  Chem,,  Bd.  11, 

»  Sieber,  Arch,  f.  exp.  Path,  u.  Pharm..  Bd.  20;  Abel  and  Davis,  Joum.  of  Expt. 
Med,.  Vol.  1. 

*  Vergleichend.  phyiiol.  Studlexi.  Abth.  5,  and  (2.  Reihe)  Abth,  1,  S.  151,  Abth.  2,  B. 
1,  and  Abth.  8,  S.  128. 

*  Warm,  cited  from  Maly's  Jdhre8l)er.,  Bd,  1  ;  Halliburton,  Journ.  of  Pbyslol,^  Vol, 
6 ;  Merejkowski,  Compt,  rend.,  Tom«  03  ;  HacMunn,  Proc.  Roy.  Soc,,  1883,  and  Joum. 
of  Physiol »  Vol  7, 

*  Phil  Trans..  Vol  IM, 

*  Ber.  d.  deutsch.  chem.  Gesellsch.,  Bd.  80. 
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go-called  "purple  gland"  of  ibe  lunic  of  certain  apecies  of  murfx  aod  purpum.    InJ 
clieniiciil  Dature  bna  not  been  laTeaiigaLt^d.  I 

AmoDg  ibc  rviuaiiiiuj^^  colurmg  matters  found  in  mvertebnites  we  may  mention  ^ifl 
tttJidyi^in,  aeUniochrom,  bondUn,  polyperyikrin^  p^fUacrinin^  anUdonin,  cruMtaeearMk»\ 
jarUhinin,  and  chlorophyll. 

Sebum  when  frealilj  eecreted  is  an  oily  Bemi-flQid  mass  which  solidifitt 
on  the  upper  snrface  of  the  skin,  forming  a  greasy  coating.  The  qo&ntitj 
is  very  different  in  different  peraons,  Hoppe-Sbyler  haa  found  in  tbd 
sebum  a  body  similar  to  casein  besides  albumin  and  fat.  Cholesterin  ji 
also  found  in  this  fat,  and  in  especially  large  qnantitied  in  the  vtmis 
caseoaa.  The  solids  of  the  sebnm  consist  chiefly  of  fat,  epithelium-cellv 
and  protein  bodies;  tlie  vernix  caseosa  is  made  up  chiefly  of  fat.  RfppEL* 
found  on  an  average  in  the  vernix  caseosa  348.52  p.  m.  water  and  138.72 
p.  m,  ether  extractives.     Besides  cholesterin  he  found  also  isocholeeterin> 

On  account  of  the  generany  diffused  view  that  wax  of  the  plant  epl^et- 
mis  serves  as  protection  for  the  inner  parts  of  the  frnit  and  pIaot» 
Liebreich'  has  snggested  that  the  combinations  of  fatty  scidei  with  mona- 
tomic  alcohols  are  the  reason  for  the  resistance  property  of  the  wajces  at 
compared  with  the  glycerin  fats.  He  also  considers  that  the  cholesterin  fats 
play  the  rule  of  a  protective  fat  in  the  animal  kingdom,  and  he  has  been 
able  to  detect  cholesterin  fat  in  human  skin  and  air,  in  vernix  ccumn^ 
whalebone,  tortoise-shell,  cow's  horn,  the  feathers  and  beaks  of  aeTcral 
birds,  the  prickles  of  the  hedgehog  and  porcupine,  the  hoofs  of  horses,  etc. 
He  draws  the  following  conclusion  from  this,  namely,  that  the  cholesteriu 
fats  always  appear  in  combination  with  the  keratinous  sabatance,  and  that 
the  cholesterin  fat,  like  the  wax  of  plants,  serves  as  protection  for  the  akin- 
aarface  of  animals. 

In  Ibe  fatty  protective  tubstance  secreted  by  the  p§ylla  nlni  Suwdvik '  lias  fonttll 
psyllostenrvi  etber,  CaHngO,  .  wbich  splita  on  taking  tip  water  into  two  moleculeiodi 
di-TQlent  alcobol,  psyUoittaryl  alcohol,  CrJftaOi . 

Cerumen  is  a  mixture  of  the  secretion  of  the  sebaoeons  and  sweat  ghindi 
of  the  cartilaginous  part  of  the  outer  organs  of  hearing.     It  contains  chieSw 
soaps  and  fat,  and  besides  these  a  red  substance  easily  soluble  in  alcohol  and 
with  a  bitter-sweet  taste.* 

The  preputial  secretion,  smegma  prcBputii^  contains  chiefly  fat,  al» 

cholesterin   and   ammonium   soaps,    which    probably   are    produced   from 

decomposed  nrine.     The  hippnric  acid,  benzoic  acid,  and  calcium  oxalate 

fonnd  in  the  smegma  of  the  horse  have  probably  the  same  origin. 

We  may  also  consider  as  a  preputial  secretion  the  ca9ioreumf  which  b  secreted  by  two 
peculiar  glandular  sacs  in  the  prepuce  of  the  bearer.  This  castoreum  la  a  mixture  of 
proteitis,  fat,  reiioB.  Iracea  of  phenol  (volatile  oil),  and  a  non-nitrogen Ued  body.  CArtorin, 


»  Hoppe  Seyier.  Physiol.  Chem..  S.  760;  RUppel,  Zeltschr.  f.  phyaioL  Cbetn.,  Bd,  2L 

*  Viicliow's  Arch.,  Bd.  12L 

■  Zeltscbr.  f.  physioL  Chem..  Bdd,  17  and  25. 

^  Bee  Lamoii  and  Marlz,  Maly'a  Jabreaber.,  £d.  27.  S.  40. 
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I  cmtallizing  in  four-flided  needles  from  alcohol,  iatoluljle  in  cold  water,  but  somewhat 
l^ioluble  in  boiling  water,  and  whose  composition  is  little  known. 

In  the  secretion  from  ihe  anal  glands  of  the  skunk  butyl  mertaptan  and  alkyl  sulphide 
lire  been  found  (Axdrich,  £.  Beckhann  ■). 

Wool-fat,  or  the  so-called  fat-sweat  of  sheep,  is  a  mixture  of  the  secretion  of  the 
ladori parous  and  sebaceous  glands.  We  find  in  the  watery  extract  a  brge  qnauiity  of 
potaaaium  which  is  combined  with  organic  ac!d»  volatile  and  iiun'Tolulile  iuwy  acids, 
tbeo£oic  acid,  phenol-sulphuric  acid,  lactic  acid,  malic  add,  succinic  acid,  and  oihers. 
The  flit  contains,  among  other  bodies,  abundant  quantities  of  etbers  of  fully  utM^  with 
cUoleateriu  and  isochniesterln.  DABMfiTADTER  and  Lifsschl'Tz'  have  found  otber  alco- 
hols  in  wool  fat  besides  mvrlBtic  acid,  also  two  oxyfatty  acids,  lanoceric  acid,  C>uH#oO»> 
and  laaopalmitic  acid,  C,«tl3tOi . 

The  secretion  of  the  coccygeal  glands  of  ducks  and  geese  contains  a  iKidy  similar  to 
cuaein,  besides  albumin,  nuclem,  lecithin,  and  fat,  but  no  sugar  (De  Jonoe).  PoisonouB 
bodies  have  been  found  in  the  secreiioii  of  the  skin  of  the  salamander  and  the  toiid  re- 
spectively, mmandarin  (Zal£.ski,  Facst)  and  bujidin  ( Johnaka  and  Casai^i  *). 

The  Sweat.  Of  the  secretions  of  the  Bkiii»  whose  qnantity  anioimta  to 
abont  /f  of  the  weight  of  the  body,  a  dieproportioTially  large  part  coiiBists  of 
^ater.  Next  to  the  kidneys,  the  skin  in  man  is  the  most  important  meana 
for  the  elimination  of  water.  As  the  glands  of  the  skin  and  the  kidneys 
stand  near  to  each  other  in  regard  to  tlieir  f  anctions,  they  may  to  a  certain 
extent  act  vicarioQely  for  one  another. 

The  circnmstances  which  influence  the  secretion  of  sweat  are  very 
nnmeroQB,  and  the  qnantity  of  sweat  secreted  must  conseriuently  vary  very 
considerably.  The  secretion  differs  for  different  parts  of  tbe  skin^  and  it 
haa  been  stated  that  the  perspiration  of  the  cheek,  that  of  the  palm  of  the 
hand,  and  that  nnder  the  arm  stand  to  each  other  a^  100  :  HO  :  45.  From 
the   nnequal  secretion   on  different  parts  of  the  body  it  follows  that  no 

Presnlts  as  to  the  qnantity  of  secretion  for  the  entire  surfaee  of  the  body  can 
be  calcnlated  from  the  qnantity  secreted  by  a  small  part  of  the  skin  in  a 
giTen  time.  In  determining  tlie  total  qnantity  a  stronger  secretion  is  as  a 
rale  prodnced,  and  as  the  ghinds  can  with  difficnlty  work  for  a  long  time 
with  the  same  energy,  it  is  hardly  correct  to  estimate  the  qnantity  of  secre- 
tion per  day  from  a  strong  secretion  during  only  a  short  time. 

The  perspiration  obtained  for  investigation  is  never  qnite  pnre,  bnt 
contains  cast-off  epidermis-cells,  also  cells  and  fat-globules  from  the 
sebaceoQS  glands.  Filtered  sweat  is  a  clear,  colorless  flnid  with  a  salty  taste 
and  of  different  odors  from  different  parts  of  the  body.  The  physiological 
reaction  Is  acid,  according  to  most  statements.  Under  certain  conditions 
also  an  alkaline  sweat  may  be  secreted  (Trumpy  and  Luchsinger,  Hecss), 
An  alkaline  reaction  may  also  depend  on  a  decomposition  with  the  forma- 
tion  of  ammonia.  According  to  a  few  investigators  the  physiological 
reaction  is  alkaline,  and  an  acid  reaction  depends,  according  to  the^e  invee- 
*  Aldrich,  Joura.  of  Eipt,  Mvd.,  Vol.  1  ;  Beckmaun,  Maly'a  Jtihreaber.,  Bd.  26,  S. 

I*  Her.  d.  deutsch.  chem.  Gesellach.,  Bdd,  29  and  31, 
'  Be  Jonge,  Zeilsclir.  f,  phyBioLCbem.,  Bd.  3  :  Zaleski. 
tJnterBUch.,  8.  85  ;  Faust.  Arch,  t  exp.  Path,  u,  Pharin*, 
Kaly  a  Jahreiben.  Bd.  9. 


Hoppe-Seyler'a  Med.  -chem, 
Bd.  41 ;  Jornara  and  Cas&li^ 
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tigatOFB,  upon  an  admix  tare  of  fatty  acids  from  the  sebum.     MobiqguI 
found  that  the  sweat  from  herbivora  was  ordinarily  alkaline,  whilethitj 
from  carnivora  was  generally  acid.     According  to  Smith'  horse's  sweat  li 
strongly  alkaline.     The  specidc  gravity  of  human  sweat  is  1,00*3-1,005. 

Perspiration  contains  977,4-995. t>  p.  m.,  average  988.2  p.  m.,  vnter, 
and  4*4-3*^.6  p*  m.,  average  11.80  p,  m,,  solids.  The  organic  bodies  we 
neutral  fatii^  cholesierm^  vohiHle  ftdtij  acids^  traces  of  proteid  (according  to 
Lecleec  and  Smith  always  in  horses,  and  according  to  Gaubb  regularly  in 
man,  while  Lfa'be*  claims  only  sometimes  after  hot  baths,  in  BRloiifs 
disease,  and  after  the  use  of  pilocarpin),  also  ereatinin  (Capkanica), 
aromaiic  oxtfacidsy  ethereal'Sulphuric  acids  of  phenol  and  skatoxyl  (Kast')J 
hut  not  of  ituioxyl,  and  lastly  nrea*  The  quantity  of  urea  has  been  deter- 
mined by  ARiU'TiNSKY.  In  two  steam-bath  experiments,  in  which  in  the 
course  of  \  and  ^  hour  respectively  he  obtained  225  and  330  c.c.  sweaty  lie 
found  1,GI  and  L24  p.  m,  urea.  Of  the  total  nitrogen  of  the  sweat  In 
these  two  experiments  i}%.iy%  and  74. 9j^  resi)ectively  belong  to  the  urea 
From  Arqutinsky's  experiments,  aod  also  from  those  of  Cramer,'  ill 
follows  that  of  the  total  nitrogen  a  portion  not  to  be  disregarded  is  elimi- 
nated by  the  sweat.  This  portion  was  indeed  V2%  in  an  experiment  (A 
Cramer  at  high  temperature  and  powerful  muscular  activity.  Crameb 
lias  also  found  ammonia  in  the  sweat.  In  ura?mia,  and  in  ischnria  in 
cholera^  nrea  may  he  secreted  in  such  (quantities  by  the  sweat-glauda  that 
crystals  deposit  upon  the  akin.  The  mineral  bodies  consist  chiefly  of  soJinm 
chloride  with  some  potassium  chloride,  alkali  sulphate,  and  phosphate^ 
The  relative  quantities  of  these  In  perspiration  diller  materially  from  tlie 
quantities  in  the  urine  (Favre,*  Kast).     The  relationship,  according  tq 

Kast,  Is  as  follows: 

Phoeplmle  :  Sulphate 
In  perspiration. 


CbloHoe  ; 
....  1         : 
lu  uriue 1 


0.0015 
0.1320 


O.OOO 
O.Si>7 


Kast  found  tiiat  the  proportion  of  ethereal -sulphonc  acid  to  the  \ 

phate-sulphiiric  acid  in   sweat  was   1  :  12,     After  the   administration  cJ^ 

aromatic  substances  the  ethereal -sulphuric  acid  does  not  increase  to  the 

same  extent  in  the  sweat  as  in  the  urine  (see  Chapter  XV). 

Sugar  may  pas«  into  the  sweat  in  diabeiea,  but  lUe  pa^iige  of  the  bile-coloring  matt 
Laa  Qot  becu  positively  abawn  in  ibis  socretion.     Bentoic  a^id,  Buecinie  atid^  tartan 


1  TrUmpy  ami  Lucbs^mger,  Pdugcr'a  Arch.,  Bd.  18;  Hcuas.  Maly's  Jabreaber,  6^ 
5J2;  Mtidggift,  Moleacholt's  Untersucb.  zur  Naturlehre,  Bd.  11  ;  Smiib,  Jouni.  of  Phys- 
iol.»  Vol.  IL  lu  regard  to  llie  older  lilerature  on  sweat  see  Hermatiti'a  Ujiudbucb,  Bd. 
6,  Tbl.  1.  S.  421  aud543. 

'  Leclurc,  Compt.  reud,,  Tome  107  ;  Qaube»  Malj's  J&bresber.,  Bd.  33  ;  Leube^ 
cbow's  Arch,,  Bdd.  48  and  50,  and  Arcb.  L  klin.  Med  ,  Bd.  7. 

'  Capraoira,  Miily's  Jubresber.,  Bd.  12  ;  Kaai.  Zeilst-br.  f,  pbyslol.  Chem.,  Bd.  U.  | 

*  ArgutiuBky,  PflQger'8  Arclk.  Bd.  40  ;  Cranii3i\  Arcb.  f.  HygieDe^  Bd*  10. 

*  Compl.  rend.,  Tome  35,  mid  Arcb.  geoer.  de  Med,  (5),  Tome  2, 


EXCHANOB  OF  QAB  TBROVOU  TOE  SKIW. 


52» 


* 


I 


iodine,  ar^enie,  mereurU  chloride,  and  quinine  pass  into  the  sweat*     Jlrie  add  has 

been  found  In  the  sweat  in  gout,  and  cyMin  in  cystinura. 

ChromhidroBii  is  ibe  name  given  to  the  secreiion  of  colored  sweat.     Sometiraes  sweat 

bas  been  ohserved  to  be  colored  blue  by  indigo  (BizioL  by  pyocyanin,  or  by  ftrro  phf*s- 

pbale  tKoLLBtAHN^).     True  blood-aweat,  in  which  blood-corpuaclea  exude  from  the 

openings  of  the  glands,  have  also  been  observed- 

The  exchange  of  gas  throngh  the  skin  in  man  is  of  very  little  importance 
Compared  with  the  exchange  of  gaa  hy  the  ItiDgs.  The  absorplrion  of 
oxygen  by  the  skin,  which  waa  first  shown  by  Regnatjlt  and  Keiset,  ia 
very  small.  The  qnantity  of  carbon  dioxide  eliminated  by  the  akin  iocreasea 
with  the  rise  of  temperature  (Aubert  Roorig,  Fubini  and  IIonchi, 
Barratt').  It  is  also  greater  in  light  than  in  darkness.  It  is-  greater 
daring  digestion  than  when  fasting,  and  greater  after  a  vegetable  than  after 
an  animal  diet  (Fubini  and  Rdnchi),  The  quantity  calcniated  by  variouB 
investigators  for  the  entire  skin  surface  in  24  bonrs  varies  between  2.23  and 
12.8  grma/  In  a  horse,  Zuntz  with  Lehmakn  and  IIaoemakn*  found 
for  24  hoars  an  elimination  of  carbon  dioxide  by  the  skin  and  intestine 
which  amoanted  to  nearly  3^  of  the  total  respiration.  Less  than  |  of  this 
carbon  dioxide  came  from  the  akin  respiration.  According  to  the  same 
investigators  the  skin  respiration  equals  2^%  of  the  simuItaneoQS  Inng 
respiration. 

As  the  exchange  of  gas  through  the  akin  in  man  and  mammals  is  very 
«mall,  it  follows  that  the  injurious  and  dangerous  effects  caused  by  covering 
the  skin  with  varnish,  oil,  or  the  like  can  hardly  depend  on  a  redoced 
exchange  of  gas.  After  varnishing  the  skin  there  ia  a  considerable  loss  of 
heat,  and  the  animal  qaiekly  dies.  If  the  animal,  on  the  contrary,  be 
guarded  from  this  loss  of  heat,  it  may  be  saved,  or  at  least  kept  alive  for  a 
longer  time*  This  effect  was  supposed  to  be  due  to  a  poisoning  eunsed  by 
a  retention  of  one  or  more  snbstancea  of  the  perspiration  ( perspiraMh 
reienium)^  accompanied  by  fever  and  increased  loss  of  heat  through  the 
fikin;  bat  this  statement  has  not  been  substantiated.  This  phenomenon 
aeems  to  be  due  to  other  causes,  and  at  least  in  certain  animals  (rabbits) 
death  seems  to  ensue  from  the  paralysis  of  the  vaso-motor  nerves.  In 
anaatomosie  the  loss  of  heat  throngh  the  skin  seems  to  be  increased  to  snch 
an  extent  that  the  animal  dies  from  the  lowered  temperature.  According 
to  Laulante*  the  animal  dies  of  inanition  because  it  takes  too  little  food, 
while  the  chemical  decomposition  processes  are  greatly  raised  to  cover  the 
loss  of  heat. 

•  Bizzio,  Wien.  Siutmgsber..  Bd.  39;  Kollmann,  cited  from  v.  Gdrup-Besanez'a 
Lehrbuch,  4.  Aud..  8.  555. 

•  Aubert,  Pflllger'8  Arch.,  Bd.  6  ;  R5hHg,  Deutsche  Klin.,  1872,  8.  200;  Fubini  and 
Rouchi,  Moleschott's  Unlersuch.  z.  Naturlebre.  Bd,  12;  Barrat,  Jouro,  of  PhyaioL, 
VoL  21. 

•  Bee  Hoppe-Seyler,  PhysioL  Chem..  8.  580. 

k*  Du  Bois-Reymond's  Arch..  1894,  and  Maly's  Jahreaber.,  Bd.  34 
*  Arch,  tie  Physiol,  (5),  Tome  9. 


CHAPTER  XVn. 

CHEMISTRY   OF  RESPIRATION 

DuEiNG  life  a  constaat  exchange  of  gases  takes  place  between  tb^ 
animal  body  and  the  stirronnding  medium.     Oxygen  is  inspired  and  cartioiii 
dioxide  expired*     This  exchange  of  gases,  whicli  is  called  respiration,  ia 
brODglit  aboat  in  man  and  Tertebrates  by  the  nEtritive  fluids,  blood  ini 
lymph,  Tvhich  circnlate  in  the  body  and  which  are  in  constamt  commnnio- 
tion  with  the  outer  medinm  on  one  side  and  the  tiEsne-elements  ob  the 
other*     Sacb  an  exchange  of  gaseons  constituents  may  take  place  whereTCf 
the  anatomical  conditions  offer  no  obstacle,  and  in  man  it  may  go  on  inih 
intestinal  tract,  throogh  the  skin^  and  in  the  Inngs.     As  compared  with 
tlie  exchange  of  gas  in  the  langs,  the  exchange  already  mentioned  which 
occurs  in  the  intestine  and  through  the  akin  is  very  insignificant.     For  to 
reason  we  will  discnss  in  tbiti  chapter  only  the  exchange  of  gas  between  the 
blood  and  the  air  of  the  lungs  on  one  side,  and  the  blood  and  lymph  ami 
the  tiasnes  on  the  other.     The  first  is  often  designated  external  respiratioOt 
and  the  other  internal  respiration. 

I,  The  Gases  of  the  Blood.  ■ 

Since  the  pioneer  inTestigations  of  Maoxus  and  Lothar  Meter  thi 
Vdf  the  blood  have  formed  the  subject  of  repeated,  careful  inveetiga- 
tiouB  by  prominent  experimenters,  among  whom  we  must  mention  fint 
C*  Lupwio  and  his  piipila  and  E.  Pfluger  and  his  school.  By  thew 
investigations  not  only  has  science  been  enriched  by  a  mass  of  facte,  but 
also  the  methods  themselves  have  been  made  more  perfect  and  accurate. 
In  regard  to  these  methods,  as  also  in  regard  to  the  laws  of  the  afaflorption 
of  gases  by  liquids,  dissociation,  and  related  qnestione,  the  reader  is  re- 
ferred to  text-books  on  physiology,  on  physics,  and  on  gaaometric  analysis. 

The  gases  occurring  in  blood  onder  physiological  conditions  are  (^Jtt/gen^ 
carbon  dioxide^  and  nitrogen.  The  last-mentioned  gas  is  found  only  in  veqB 
small  quantities,  on  an  average  l.B  vols,  per  cent.  The  quantity  is  here, 
as  in  all  following  experiments,  calculated  for  0**  C»  and  760  mm.  pressure. 
The  nitrogen  seems  to  be  simply  absorbed  into  the  blood,  at  least  in  great 
part.  It  appears,  like  argon,  to  play  no  direct  part  in  the  proceasefi  of  life, 
and  its  quantity  varies  but  slightly  in  the  blood  of  different  blood-Tessels. 
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The  oxygen  and  carbon  dioxide  behave  otherwise,  aa  their  quantitiea 
^▼e  significant  Tariations,  not  only  in  tlie  blood  from  diferent  blood- 
sla,  bnt  also  becaoee  many  conditionSj  such  ub  a  difTerence  in  the 
^pidity  of  circulation,  a  different  temperature,  rest  and  activity,  cause  a 
*^tiaiige.  In  regard  to  the  gases  they  contain  tliR  greatest  difference  is 
^bfieryahle  between  the  blood  of  the  arteries  and  tluit  of  the  veins. 

The  quantity  of  oxygen  m  the  arterial  b!ood  of  dogs  is  on  an  average 
■  ^^Tols.  per  cent  (Pflugeu).  In  human  blood  SETsriiEXOW  found  about 
"^tbe  same  quantity,  namely,  2L6  vols,  ]ier  ceTit.  Lower  figures  have  been 
found  for  rabbit's  and  bird's  blood,  respectively  13. t2^  and  10-15ji^  (Waltkr, 
ioLYET),  Venous  blood  in  different  vascolar  regions  has  very  variable 
quantities  of  oxygen.  By  summarizing  a  great  number  of  arialysea  by 
different  experimenters  Zcntz  has  calculated  that  the  venous  blood  of  the 
right  aide  of  the  heart  contains  on  an  average  7.15^  less  oxygen  than  the 
arterial  blood. 

The  quantity  of  carbon  dioxide  in  the  arterial  blood  (of  dogs)  ie  30  to 

r  40  Tola,  per  ceut  (LuDwio,  Setschekow,  F*FLOr;ER,  P,  Bert,  and  othera), 
moat  generally  about  40j^.  Setschekow  fon nd  411.3  vols,  per  cent  in 
human  arterial  blood*  The  quantity  of  carbon  dioxide  in  venous  blood 
varies  still  more  (Lri>wiG,  PflCger  and  their  popils,  P.  Bert,  Matiiieit 
and  LTrbain,  and  others).  According  to  the  calcnlatious  of  Zuntz  the 
venous  blood  of  the  right  side  of  the  heart  contains  about  H.'H  more  carbon 
dioxide  than  the  arterial.  The  average  amount  may  be  put  down  as  48 
Tols.  per  cent.  Holmgren  found  in  blood  after  asphyxiation  even  69.21 
Tols.  per  cent  carbon  dioxide/ 
H  Oxygen  is  absorbed  only  to  a  small  extent  by  the  plasma  or  serum,  in 
"which  Pfluger  fonnd  but  CSC,*^.  The  greater  part  or  nearly  all  of  the 
oxygen  is  loosely  combined  with  the  haemoglobin.  The  quantity  of  oxygen 
which  is  contained  in  the  blood  of  the  dog  corresponds  closely  to  the 
quantity  which  from  the  activity  of  the  hiT?moglobin  wo  sliould  expect  to 
combine  with  oxygen,  and  also  the  quantity  of  liamioglohin  in  cauine  blood. 
It  is  difficult  to  ascertain  how  far  the  circulating  arterial  blood  is  saturated 
with  oxygen,  as  immediately  after  bleeding  a  loss  of  oxygen  always  takes 
place.  Still  it  seems  to  be  unquestionable  that  it  ie  not  quite  completely 
gatn rated  with  oxygen  in  life. 

The  carbon  dioxide  of  the  blood  occurs  in  part,  and  Indeed,  according 
to  the  investigations  of  Alex.  ScnMiDT,'  Zuntz,*  and  L.  FREDEHin^,'  to 


I 


•  All  Ibo  figures  given  aboirc  mny  be  found  in  Znntz*s  "  Die  Gase  de»  Blules  "  In 
Hermftno's  ITftmlbuch  d.  Pbysiol..  Bth  4.  Thl.  2,  S.  83-43,  which  also  contains  detailed 
fttatementa  and  tbe  pert i went  liteniture, 

•  Ber.  d.  k.  9&ehn.  GosellBrh.  d.  WfsMsnscb.,  MaUh-pliys.  Klasse,  Bd.  1$,  18«7. 
»  Central bK  f.  H   med.  Wissonscb.,  1^67.  S.  TiJO 

•  Recherches  aur  la  coDStilution  du  Plasmii  sanguiii,  1878,  pp.  50,  51. 
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the  extent  of  at  least  one  third,  in  the  blood-corpascleB^  and  abaiti] 
and  in  fact  tbe  greatest  part,  in  the  plasma  and  seram  respectively. 

The  carbon  dioxide  of  the  red  corpuscles  is  loosely  combined,  and  WT 
constituent  uniting  witli  the  CO,  of  the  same  seems  to  be  the  alkali  com- 
bined  with  phosphoric  acidf  oxy haemoglobin  or  baBmoglobin,  and  globolitioQ 
one  side  and  the  haemoglobin  itself  on  tbe  other.  That  in  the  red  corpus- 
cles alkali  pliosphate  occurs  in  Bnch  quantities  that  it  may  be  of  importance 
in  the  combination  with  carbon  dioxide  is  not  to  be  doubted,  and  wemait 
admit  thai  from  the  diphosphate,  by  a  greater  partial  pressure  of  the  carbon 
dioxide,  monophoephate  and  alkali  carbonate  arc  formed,  while  by  slower 
partial  pressure  of  the  carbon  dioxide  the  mass  action  of  the  phosphoric  acid 
comes  again  into  play,  so  that»  with  the  carbon  dioxide  becoming  free,  a 
re-formation  of  alkali  diphosphate  takes  place*  It  is  generally  admittd 
that  the  blood-coloring  matters,  especially  the  oxy haemoglobin,  which  cao 
expel  carbon  dioxide  from  Bodium  carbonate  in  I'muo^  act  like  au  acid;  and 
as  the  globulins  also  act  like  acids  (see  below),  these  bodies  may  also  occnr  ! 
in  the  blood-corpuscles  as  an  alkali  combination.  The  alkali  of  the  blood* 
corpuscles  must  therefore,  according  to  the  law  of  mass  action,  be  divided 
between  the  carbon  dioxide,  phosphoric  acid,  and  the  other  constituents  of 
the  blood-corpuscles  which  are  considered  as  acid-acting,  and  among  tlieee 
especially  the  blood-pigments^  because  the  globulin  can  hardly  be  of  import- 
ance because  of  its  Bmall  quantity.  By  greater  mass  action  or  greater  partial 
pressure  of  tbe  carbon  dioxide,  bicarbonate  must  be  formed  at  the  expewe 
of  the  diphosphates  and  the  other  alkali  combinations,  while  at  a  diminished 
partial  pressure  of  the  same  gas,  with  the  escape  of  carbon  dioxide^  the 
alkali  diphosphate  and  the  other  alkali  combinations  mnst  be  re-formed  at 
the  cost  of  the  bicarbonate.  M 

Heemoglobin  must  nevertheless,  as  the  investigations  of  Setschki^ow^ 
and  ZuKTZ,  and  especially  those  of  Bohb  and  Tobup,'  have  shown,  be  able 
to  hold  the  carbon  dioxide  loosely  combined  even  in  the  absence  of  alkali 
BoHE  has  also  found  that  the  dissociation  curve  of  the  carbon-dioxide 
hsemoglobin  corresponds  essentially  to  the  curve  of  the  absorption  of  carbon 
dioxide,  on  which  gronnd  he  and  Torup  consider  the  hsemoglobin  itself  aa 
of  importance  in  the  binding  of  the  carbon  dioxide  of  the  blood,  and  not  iti 
alkali  combinations.  According  to  Bohb  the  hsBmoglobin  takes  up  the  two 
gases,  oxygen  and  carbon  dioxide,  simultaneonsly  by  the  oxygen  unitij 
with  the  pigment  nucleus,  and  the  carbon  dioxide  with  tbe  proteid 
ponent. 

The  chief  part  of  the  carbon  dioxide  of  the  blood  is  found  in  the  bH 


*  Ceutralbl.  f.  d.  med.  WUsensch.,  1877.    See  also  Zuntx  ia  Herroanu's  Haii4tiae)w 

8.  7e. 

•  ZunU«  I,  c,  8,  76  ;  Bobr,  Maly't  Jahresber.,  Bd.  17  ;  Tonip,  iWd* 
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l)tood-«erum,  which  follows  from  the  fact  that  the  serum  ig 
"rtcber  in  carhon  dioxiilo  than  the  corresiion<lmg  blood  itself.  Bj  experi- 
ments with  the  air-pump  on  blood-senitn  it  has  been  found  that  the  chief 
part  of  the  carbon  dioxide  eootaiued  in  the  serum  is  gireu  oti  in  a  vacuum, 
"while  a  smaller  part  can  be  pumped  out  only  after  the  addition  of  an  acid* 
The  red  corpuscles  also  act  aa  au  ucid»  and  therefore  in  blood  all  the  carbon 
dioxide  is  expelled  in  vacuo.  Hence  a  part  of  the  carbon  dioxide  is  firmly 
-    chemically  combineil  in  the  serum. 

Absorption  experiments  with  blood-serum  have  shown  ns  further  that 
the  carhon  dioxide  which  can  be  pumped  out  is  in  great  part  loosely 
chemically  combined »  and  from  this  loose  combination  of  the  carbon  dioxide 
it  necessarily  follows  that  the  Renim  must  also  contain  simply  absorbed 
carbon  dioxide.  For  the  form  of  binding  of  the  carbon  dioxide  contained 
Hin  the  serum  or  the  plasma  we  find  the  three  following  possibilities; 
^  1.  A  part  of  the  carbon  dioxide  is  simply  absorbed;  2,  Another  part  is 
loosely  chemically  combined;  3.  A  third  part  is  in  firm  chemical  combina- 
tion. 

The  quantity  of  simply  absorbed  carbon  dioxide  has  not  been  exactly 
defcerniined.  Setschenow  '  considers  the  quantity  in  dog-serum  to  be 
about  ^  of  the  total  quantity  of  carbon  dioxide.  According  to  the  tension 
of  the  carbon  dioxide  in  the  blood  and  its  absorption  coefficient^  the 
quantity  seems  to  be  still  amaller. 

The  quantity  of  firmly  chemically  combined  carbon  dioxide  in  the  blood- 
sernm  depends  upon  the  quantity  of  simple  alkali  carbonate  in  the  serum. 
This  quantity  is  not  known,  and  it  cannot  be  determined  either  by  the 
alkalinity  found  by  titration,  nor  can  it  be  calctdated  from  the  excess  of 
alkali  found  in  the  ash,  because  the  alkali  is  not  only  combined  with  carbon 
dioxide,  but  also  with  other  botlies,  especially  with  proteid.  The  quantity 
of  firmly  chemically  combined  carbon  dioxide  cannot  be  ascertaitied  after 
pumping  out  in  vacuo  without  the  addition  of  acid,  becaufie  to  all  appear- 
ances certain  active  constituents  of  the  sernm,  acting  like  acids,  ex{)el  carbon 
dioxide  from  the  simple  carbonate.  The  quantity  of  carbon  dioiitile  not 
expelled  from  dog-aerum  by  vacuum  alone  without  the  addition  of  acid 
amounts  to  4.9  to  0.3  vols,  per  cent,  according  to  the  determinations  of 
Pfluger.' 

From  the  occurrence  of  simple  alkali  carbonates  in  the  blood -sernm  it 
naturally  follows  that  a  part  of  the  loosely  combined  carbon  dioxide  of  the 
serum  which  can  be  pumped  out  must  exist  as  bicarbonate.  The  occur- 
rence of  this  combination  in  the  blood-serum  has  also  been  directly  shown* 


I       "  Centmtbl   f,  d.  tned.  Wisseusch.,  1877. 

*  E,  Pflllgcr,  Felier  die  K.ihlciu^auri!  de^  Bhites.     Boau,  1864.     S,   11,     Cited  from 
ZuntE  in  Hcrmaua'a  Hatidbuch,  S.  65. 
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lu  experiments  with  the  pum|>,  ag  well  as  ia  absorption  eiperimente,  ihe 
serum  behaves  in  other  ways  different  from  a  solution  of  bicarbonata,  or 
carbonate  of  a  corresponding  concentration;  and  the  behavior  of  the  looeely 
combined  carbon  dioxide  ia  tlie  aenim  can  be  explained  onlj  by  the  occur* 
rence  of  bicarbonate  in  the  serum.     By  means  of  vacimm  the  seram  alwiji 
allows  mnch  more  than  one  half  of  the  carbon  dioxide  to  be  expelled,  aud 
it  follows  from  this  that  in  the  pumping  out  not  only  may  a  dissociation  of 
the  bicarbonate  take  place,  but  also  a  conversion  of  the  double  sodiom 
carbonate  into  a  simple  salt.     As  we  know  of  no  other  carbon-dioxide  com- 
bination besides  the  bicarbonate  in  the  sernm  from  which  the  carbon  dioiidt 
can  be  set  free  by  simple  dissociation  in  va^ua,  we  are  obliged  to  assame  i 
that  the  serum  must  contain  other  faint  acids,  in  addition  to  the  carbon 
dioxide,  which  contend  with  it  for  the  alkalies,  and  which  expel  the  carbon 
dioxide  from  simple  oarbonates  in  vacuo.     The  carbon   dioxide  which  is  ' 
expelled  by  means  of  the  pump  and  which,  without  regard  to  the  eimpk 
absorbed  quantity,  is  generally  designated  as  *'  loosely  chemically  combined 
carbon  dioxide,"  is  thus  only  obtained  in  part  in  dissociable  loose  combina- 
tion; in  part  it  originates  from  the  simple  carbonates,  from  which  it  ifl 
expelled  in  vacuo  by  other  faint  acids. 

These  faint  acids  are  thought  to  be  in  part  phosphoric  acid  and  in  part 
globulinB,     The  importance  of  the  alkali  phosphates  for  the  carbon-dioiide  m 
combination  has  been  shown  by  the  investigations  of  Fehxet;  bat  the  ■ 
quantity  of  these  salts  in  the  serum  is,  at  least  in  certain  kinds  of  blood, 
lor  example  in  ox-serum,  so  small  tliat  it  can  hardly  be  of  importance.    In  J 
regard  to  the  globulins  ^ETtiCHEXOw  ia  of  the  opinion  that  they  do  not  acil 
as  acids  themselves,  but  form  a  combination  with  carbon  dioxide,  producing] 
carboglobulinic  acid,  which  unites  with  the  alkali.     According  to  Sertoli,* 
whose  views  have  lately  found  a  supporter  in  ToRUf,  the  globulins  them- 
selves are  the  acids  which  are  combined  with  the  alkali  of  the  blood-serum. 
In  both  cases  the  globulins  would  form,  directly  or  indirectly,  that  chief 
constituent  of  the  plasma  or  of  the  blood-serum  which,  according  to  the  liw 
of  the  action  of  masses,  contends  with  the  carbon  dioxide  for  the  alkalies. 
By  a  greater  partial  pressure  of  the  carbon  dioxide  the  latter  depriree  the 
globulin  alkali  of  a  part  of  its  alkali,  and  bicarbonate  is  formed;  by  low 
partial  pressure  the  carbon  dioxide  escapee,  and  the  bicarbonate  is  abstracted 
by  the  globulin  alkali. 

In  the  foregoing  it  has  been  assumed  that  the  alkali  is  the  most  eseentii 
and  important  constituent  of  the  blood-serum,  as  well  as  of  the  blood 
general,  in  uniting  with  the  carbon  dioxide.     The  fact  that  the  quantity  < 
carbon  dioxide  in  the  blood  greatly  diminishes  with  a  decrease   in   the 
quantity  of  alkali  strengthens  this  assumptioo.     Such  a  condition  is  fodod^ 


^  Hoppe-Stiyler,  Med.  ckeiu.  Uotersucb. 
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for  example,  after  poisoning  witli  mineral  acids.  Thas  Walter  found 
onlj  2-3  vols,  per  cent  carbon  dioxide  in  the  blood  of  rabbits  into  whose 
stomachB  hydrochloric  acid  bad  been  introduced.  In  the  comatose  state  of 
diabetes  mellitus  the  alkali  of  the  blood  seems  to  be  in  great  part  saturated 
with  acid  combinations,  /?-oxybutric  acid  (Stadelmaxx,  Minkowski), 
and  Minkowski  *  found  only  3*3  vols,  per  cent  carbon  dioxide  in  the  blood 
in  diabetic  couia. 


Gases  of  the  Lymph  and  Secretions, 


|V  The  gases  of  the  lymph  are  the  same  as  in  the  blood-sernm,  and  the 
lymph  stands  close  to  the  blood -serum  tn  regard  to  the  quantity  of  the 
TariouB  gases,  as  well  as  to  the  kind  of  carbon-dioxide  combination.  The 
inTestigationa  of  Daexhardt  and  IIensen*  on  the  gases  of  human  lymph 
are  at  hand,  but  it  still  remains  a  question  whether  the  lymph  inTestigated 
was  qnite  normal.  The  gases  of  normal  dog-lymph  were  first  investigated 
by  Hammarsten.*  These  gases  contained  traces  of  oxygen  and  consisted 
of  37.4-53.1j<  CO,  and  1.6?^  N  at  0''  C,  and  7*iO  mm.  Hg  pressure.  About 
one  half  of  the  carbon  dioxide  was  firmly  chemically  combined*  The 
quantity  was  greater  than  in  the  serum  from  arterial  bloody  but  smaller 
than  from  Yenoua  blood. 

The  remarkable  observation  of  Buchner  that  the  lymph  collected  after 
asphyxiation  ia  poorer  in  carbon  dioxide  than  that  of  the  breathing  animal 
is  explained  by  ZuKTZ*  by  the  formation  of  acid  immediately  after  death  in 
the  tissues,  and  especially  in  the  lymphatic  glands,  and  this  acid  decompoeefl 
the  alkali  carbonates  of  the  lymph  in  part. 

The  secretions  with  the  exception  of  the  saliva,  in  which  PflOoer  and 
KuLZ  foand  respectively  O.C^  and  1^  oxygen,  are  nearly  free  from  oxygen. 
The  quantity  of  nitrogen  is  the  same  aa  in  blood,  and  the  chief  mass  of  the 
gases  consists  of  carbon  dioxide.  The  quantity  of  this  gas  is  chiefly  depend- 
ent upon  the  reaction,  i.e.,  upon  the  quantity  of  alkali.  This  follows  from 
the  analyses  of  Pfluger.  He  found  19;^  carbon  dioxide  removable  by  the 
air-pnmp  and  54^  firmly  combined  carbon  dioxide  in  a  strongly  alkaline 
bile,  but,  on  the  contrary,  6.6^  carbon  dioxide  removable  by  the  air-pump 
and  0.8j^  firmly  combined  carbon  dioxide  in  a  neutral  bile.  Alkaline  saliva 
is  also  very  rich  in  carbon  dioxide.  Aa  average  for  two  analyses  made  by 
Pfluger  of  the  submaxillary  saliva  of  a  dog  we  have  27.5,^  carbon  dioxide 
removable  by  the  air-pnmp  and  47.4^  chemically  combined  carbon  dioxide, 


>  Walter,  Arch.  f.  exp.  Patlu  u.   Pharm..  Bd.  7;  Stadelmawn,  Odd.,  Btl  17;  Min- 
kowski, Mittheil  a.  d.  mtnl.  KHok  in  KiJiiigsber^,  1888. 
'  VircUow's  Arch..  Bd.  37. 

*  Ber,  d.  k.  sachs.  Gesell&cli,  d.  Wissenscb.,  iimlli.  pbys.  Klasse,  Bd.  23. 

•  Budiner,  Arbciten  ausder  pbyaiol,  Austalt  zu  Leipzig,  1876;  Zuiitz,  I.  c,  8,  85. 
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maklDg  a  total  of  74.9^.  KDlz'  found  a  maximam  of  65.78^  carbon 
dioxide  for  tlie  parotid  saliva,  of  which  3*31^  was  removable  by  the  u> 
pnmp  and  ^%A1%  was  firmly  chemically  combioed.  From  these  and  other 
etatemenU  on  the  qnaotity  of  carbon  dioxide  removable  by  the  air-pomp 
and  chemically  combined  in  the  alkaline  iecretions  it  follows  that  bodies 
occur  in  them,  although  not  in  appreciable  rjaantities,  which  are  analogooi 
to  the  albuminous  bodies  of  the  blooil-aerum  aod  which  act  like  faint  acidi. 

The  acid  or  at  any  rate  non-alkaline  secretions,  urine  and  milk,  contaia, 
on  the  contrary,  considerably  less  carbon  dioxide,  which  is  nearly  all  remoT- 
ab!e  by  the  air-pump,  and  a  part  seems  to  be  loosely  combined  with  the 
Bodium  phosphate.  The  figures  found  by  Pfluger  for  the  total  quantity 
of  carbon  dioxide  in  milk  and  urine  are  10  and  18,1-19,7'^  respectively. 

EwALD  *  has  made  inTestigations  on  the  quantity  of  gas  in  pathological 
transudations.  He  found  only  traces,  or  at  least  only  very  inaignificaol 
quantities,  of  oxygen  in  these  fluids.  The  c|aantity  of  nitrogen  was  aboat 
the  same  as  in  blood;  that  of  carbon  dioxide  was  greater  than  io  the 
lymph  (of  dogs),  and  in  certain  cases  even  greater  than  in  the  blood  after 
asphyxiation  (dog's  blood).  The  tension  of  the  carbon  dioxide  was  greater 
than  in  Tenons  blood.  In  exudations  the  quantity  of  carbon  dioxide^ 
especially  that  firmly  combined,  increases  with  the  age  of  the  flaid,  while, 
on  the  contrary,  the  total  quantity  of  carbon  dioxide,  and  especially  the 
qnantity  firmly  combined,  decreases  with  the  quantity  of  pas-corpnsclee. 


II,    Til©  Exeliaiigfe    of  Gas   between   the   Blocid    on   the 
One  Haiiil  and  Pulnianary  Air  and  the  Tissues  , 
on  the  Othei% 

In  the  introduction  (Chapter  I,  p.  3)  it  was  stated  that  we  are  to-day  ( 
the  opinion,  derived  especially  from  the  researches  of  Pfluoer  and  hia' 
pupils,  that  the  oxidations  of  the  animal  body  do  not  take  place  in  the  floids 
and  jnices,  bnt  are  connected  with  the  form-elements  and  tissaes.  It  is 
nevertheless  true  that  oxidations  take  place  in  the  blood,  although  only  to  a 
slight  extent;  but  these  oxidations  depend,  it  seems,  upon  the  form-elemeuta 
of  the  blocKi,  hence  it  does  not  contradict  the  above  statement  that  the 
oxidations  occur  exclusively  in  the  cells  and  chiefly  in  the  tissnes. 

The  gaseous  exchange  in  the  tissues,  which  has  been  designated  intenui 
respiration^  consists  chiefly  id  that  the  oxygen  passes  from  the  blood  in  tha 
capillaries  to  the  tissues,  while  the  great  bulk  of  the  carbon  dioxide  of  the 
tissues  originates  therein  and  passes  into  the  blood  of  the  capillaries.     The 
exchange  of  gas  in  the  lungs,  which  is  called  external  respiration,  coneistiy 

»  PflQger,  Pflllger'8  Arcb.,  Bdd.  1  and  3;  Ktilz,  Zeltscbr  f.  phyalol.  Chem.,  Bd.  tZ. 
It  aeems  as  if  KUlz's  results  were  not  calciilaied  at  760  mm.  Hg.  but  rath«r  at  1  m. 
•  C.  A*  Ewald,  Arch,  f,  exp.  Aoat,  u.  Physiol,  1873  and  1870. 
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^we  leam  by  a  comparisoQ  of  the  iospired  atid  expired  air,  iq  the  blood 
taking  oxygen  from  the  air  in  the  lungs  and  giving  off  carbon  dioxide. 
Tiiia  does  not  exclude  the  fact  that  in  the  lungs,  as  in  every  other  tisane,  an 
internal  respiration  takes  place,  namely,  a  combustion  with  a  consumption 
of  oxygen  and  formation  of  carbon  dioxide.  According  to  Bohr  and 
B£KRiQtJ£S*  tlm  lungs  indeed  play  so  large  a  part  in  the  total  metabolism 
that  it  may  amount  to  08^  of  the  same. 

What  kind  of  processes  take  part  in  this  double  exchange  of  gaa  ?  Is 
the  gaseous  exchange  simply  tlie  resalt  of  an  unefitial  tension  of  the  blood 
on  one  side  and  the  air  in  the  longs  or  tissues  on  the  other?  Do  the  gases 
pass  from  a  place  of  higher  pressure  to  one  of  a  lower,  according  to  the  laws 
of  diffusion,  or  are  other  forces  and  procesfies  active  ? 

These  questions  are  closely  related  to  that  of  the  tension  of  the 
oxygen  and  carbon  dioxide  in  the  blood  and  iu  the  air  of  the  lungs  and 
tissues. 

Oxygen  occurs  in  the  blood  in  a  disproportionately  large  part  as 
oxy haemoglobin,  and  the  law  of  the  dissociation  of  oxyha^moglobin  is  of 
fundamental  importance  in  the  study  of  the  tension  of  the  oxygen  in  the 
blood. 

If  we  recall  lhal»  according  to  Boim,  wMI  we  geDerally  call  oiyba'mogloWn  is  a  mix- 
lure  of  bfpmoglobina,  vi  hicli  forooe  nDd  the  sanie  oxygen  pressure  can  ijiiile  wilh  different 
quantities  of  oxygeti.  and  also,  as  shown  by  Siegfhied,  tbal  lliere  exists,  besides  tbe 
oiyha&moglobiD,  another  diasociable  oxygen  combinadon  of  baenmglobiD,  namely,  pseu- 
dobsmoglobin,  it  seems  that  we  have  sererul  Important  prellniinary  questions  lu  golvc 
before  we  come  to  a  discussion  of  the  dUsociallou  condiiioiis  uf  oxyha^moglnbin.  As  ibe 
&lx>re  statementB  are  in  part  contradictetJ  and  in  part  not  auflicientty  proved,  and  as  also^ 
according  to  Hufneh,  no  differfoce  exists  between  an  oxybromoglobin  solution  and  a 
solution  of  blow! -corpuscles  in  re^jani  to  lis  delivery  of  oxygen,  Me  are  jusiitied  in  set- 
tiu^  the  above  statements  aside  for  the  present  and  only  taking  up  the  generally  accepted 
and  atitboriralive  aftsertions. 

For  the  nnderstanding  of  the  laws  by  which  the  oxygen  ia  taken  up  by 
the  blood  in  the  alveoli  of  the  lungs  the  investigations  on  the  dissociation 
of  oxyhaemoglobin  are  important,  and  those  especially  which  relate  to  the 
dissociation  at  the  temperature  of  the  body  are  of  great  phy Biological  im- 
portance. Several  investigators  have  experimented  on  this  subject, 
esi>ecially  O,  FIufneb**  He  has  proved  an  important  fact,  namely,  that  a 
freshly  prepared  solntion  of  pure  oxyha?moglobin  crystals  does  not  act  unlike 
freshly  defihrinated  blood  as  regards  the  dissociation  of  oxyha&moglobin^ 
He  also  showed  that  the  dissociation  is  dependent  upon  the  concentration, 
namely,  that  at  a  given  pressure  a  dilute  solution  is  more  strongly  dis- 
Bociated  than  a  more  concentrated  solution.  He  found  for  solutions  con- 
taining 14^  oxy haemoglobin  that  the  dissociation  at  +  35^  C\  and  an  oxygen 
partial  pressure  of  75  mm.  Hg  was  only  very  insignificant  and  only  little 


I 


*  CetJlralbL  r  PhysioL.  Bd.  U,  and  Maly's  Jabresbcr.,  Bd.  27. 

t  pu  Bois-Reymond*8  Arch.,  ISflO,  where  the  older  woriis  on  Ihe  topic  are  cited. 
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stronger  than  with  a  partial  presaore  of  152  mm*  In  the  first  ioEtanea 
96.B9^  of  the  total  pigment  was  present  aa  osyhaemoglobin  and  *K\\i  u 
haemoglobin,  while  in  the  other  case,  at  lb%  mm.  pressure,  the  respective 
figares  were  98. 4':i,'T  ami  1*58^.  The  dissociation  becomes  stronger  first  with 
an  oxygen  partial  pressure  of  about  75  mm.  Hg  and  downwards,  aad  i 
corresponding  increase  in  the  qnantity  of  reduced  ha?moglobin;  but  even 
with  an  oxygen  partial  pressure  of  50  mm.  llg  the  quantity  of  hsemoglobin 
was  only  4.6^  of  the  total  pigment.  I 

From  tliese  and  older  researches  by  Hufnee/  which  were  made  at  35' 
or  39**  C,  it  follows  that  the  partial  pressure  of  the  oxygen  may  be  reduced 
to  one  half  of  the  atmospheric  air  without  influencing  essentially  tbft 
q\iantity  of  oxygen  in  the  blood  or  a  corresponding  solution  of  oxyhffimo- 1 
globiu.  This  corresponds  well  with  the  experience  of  Frakkel  and 
Geppert*  on  the  action  of  diminished  air-pressure  on  the  qnantitj  of 
oxygen  in  the  blood  in  dogs.  With  an  air-pressure  of  410  mm.  Hg  ther 
found  tlie  quantity  of  oxygen  in  arterial  blood  to  be  normal.  With  a 
pressure  of  378-365  mm.  it  was  slightly  diminished,  and  only  on  decreasing 
the  pressure  to  300  mm,  was  the  diminution  considerable. 

We  may  conclude  from  the  large  quantity  of  oxygen  or  oxyhsemo- 
globin  in  the  arterial  blood  that  the  tension  of  the  oxygen  in  the  arterial 
blood  most  be  relatively  higher.  From  the  investigations  of  several  eiperi* 
menters,  such  as  P.  Bert,  Hertek,'  and  IIufker,  who  experimeul«J 
partly  on  living  animals  and  partly  with  liiemoglobio  solutions,  we  may 
assume  the  tension  of  the  oxygen  in  arterial  blood  at  the  temperature  ol 
the  body  to  be  equal  to  an  oxygen  partial  pressure  of  75-80  mm.  Hg* 

Let  as  now  compare  these  figures  with  the  tension  of  the  oxygen  in  the 
air  of  the  lungs* 

Numerous  investigations  as  to  the  composition  of  the  inspired  atmoa^ 
pherio  air  as  well  as  the  expired  air  are  at  hand,  and  we  can  say  that  these 
two  kinds  of  air  at  0"*  C.  and  a  pressure  of  700  mm.  Hg  have  the  following 
average  composition  in  volume  per  cent: 

Oscygei).        Nltroj!eD.  OArbon  Diozuto. 

Atmospbedc  air 20.96  79.02  0.08 

Exirired  idr ,   10.03  79.59  4.88 

The  partial  pressure  of  the  oxygen  of  the  atmospheric  air  correspondfl  i 
a  normal  barometric  pressure  of  760  mm,  to  a  pressure  of  159  mm.  Dg* 
The  loss  of  oxygen  wliich  the  inspired  air  suffers  in  respiration  amonnts  t4>_ 
about  4.93^,  while  the  expired  air  contains  abont  one  hnndred  times 
mnch  carbon  dioxide  as  the  inspired  air, 

J  Du  Boia  ReymoDd'a  Ardi..  1800. 

*  **  Ueber  die  WirkuiigeQ  der  verdtlnuten  Luft  auf  den  Organismus."     BerHn,  18 
*Bert,  -'La   presalon  barometrique **  (Paris,   1878);    Herter,   Zeitacbr*   f,  physio 
Gliem.,  Bd.  a 
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The  expired  air  is  therefore  a  mixture  of  akeolar  air  with  the  residue  of 
inspired  air  remaioiog  in  the  air-paBsages;  hence  in  the  etudy  of  the  gaseons 

.exchange  in  the  longs  we  most  first  consider  the  alveolar  air.     We  have  no 

Idirect  determination  of  the  composition  of  the  alveolar  air,  but  only 
approximate  calculations.  From  the  average  resnlta  fonnd  by  Vierordt  in 
normal  regpiration  for  the  carbon  dioxide  in  the  expired  air,  4.0;i<^,  Zuntz  * 
has  calculated  the  probable  quantity  of  carbon  dioxide  in  the  alveolar  air  as 
eqnal  to  5.44%.  If  we  start  from  this  value  with  the  assamption  that  the 
quantity  of  nitrogen  in  the  alveolar  air  does  not  essentially  differ  from  the 
expired  air,  and  admit  that  the  qciantity  of  oxygen  in  the  alveolar  air  is  6<^ 
leas  than  the  inspired  air,  we  find  that  the  alveolar  air  contains  14.96'^ 

I  oxygen,  corresponding  to  a  partial  pressure  of  114  mm.  Hg. 

I        We  have  several  direct  determinations  of  the  alveolar  air  of  dogs  by 

Pflugeb  and  hia  pupils  Wolffbero  and  Nussbaum.'     The  determinations 

which  show  that  the  alveolar  air  is  not  much  richer  in  carbon  dioxide  than 

the  expired   air  have  been   performed   by  means  of   the  so-called    lung- 

catheter. 

The  principle  of  this  nietltod  la  ns  follows  :  By  the  lulroductioTi  of  ri  cntbelwr  r>f  a 
fpecial  coiistruciioD  ioLo  a  bniuch  of  a  broiicliua  the  corresponding  lobe  of  the  lung  rimy 
be  b^rmi-'Uc^lly  sealed*  whilu  m  the  oibt^r  lubes  of  tbe  same  luug,  m\\\  in  ilie  oLlier  luug, 
the  veotilntioii   remaiiiB  UDchaug<  il,  so  tbat  no  nccumulation  of  carljon  dioxiik'  takes 

&lac€  in  the  blond-     Wlieu  the  cutling  off  la^tn  ao  long  that  a  complete  equalization 
etweea  the  gases  of  the  blood  mu\  the  retiiined  air  of  tlu^  lungs  la  asstimed,  a  sample  of 
this  air  of  the  luDga  is  removed  by  means  of  ibe  tatheter  aod  ninilyzed. 

»Iti  the  air  thus  obtained  from  the  lungs  Wolffbehg  and  Nussbaum 
found  an  average  of  3.G^  CO,,  Nussuaux  has  also  determined  the  carbon- 
dioxide  tension  in  the  blood  from  the  right  heart  in  a  caae  siniultaneouB 
with  the  catheterization  of  the  kings.  He  found  nearly  identical  reanltSt 
namely,  a  carbon-dioxide  tension  of  3.84,^  and  3,81^  of  an  atmosphere, 
which  also  shows  that  complete  equalization  between  the  gases  of  the  blood 
^nd  lungs  in  the  enclosed  parts  of  the  lungs  had  taken  place.  From  these 
investigations  we  can  calculate  the  quantity  of  oxygen  in  the  alveolar  air  of 
dogs  to  l>e  about  16^,  which  corresponda  to  an  oxygen  partial  pressure  of 
about  12*2  mm.  Hg.  This  pressure  is  considerably  higher  than  the  oxygen 
tension  in  arterial  blood,  and  the  oxygen  absorption  from  the  air  of  the 
lungs  takes  place  simply  according  to  the  laws  of  diffusion. 

According  to  Bohr'  the  facta  are  otherwise,  and  the  langs  are  active 
in  the  taking  up  of  oxygen* 

He  experimented  oa  dogs,  allowiog  the  blood*  whose  coagulation  had  beeo  prevented 
by  the  injt?ction  of  peptone  gnliiiiun  or  infusion  of  the  li*ech,  to  flow  from  one  bisected 
carotid  U^t  the  other,  or  from  the  femoral  artery  to  the  femoral  vein,  through  an  ap- 
paratus called  by  him  an  hiemataeromeier,     Tht^  appanitiis^  which  ia  a  modibcntion  of 


»  Zimtz,  1.  c,  8.  105  and  106. 

•  Wolffberg;  PliElger's  Arch*.  Btl. 

»  Skand.  Arch,  f ,  Physiol.,  Bd,  2 


6  ;  Nusabaum,  ibid,,  Bd.  7, 
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Luowio's  rheomcicr  (atromiihr),  allowed,  RCcordiogtoBoHii,  of  acomplete  iateTcbwige 
beiwi'en  Ihe  gast^s  of  I  lie  blood  circulndug  ihrough  the  appnralus  and  a  qtianlityof  fii 
wlioae  couiposiiion  wi^s  knowu  at  the  begiaoiDg  of  tlie  experiment  aud  euclosed  intiie 
appaniLus.  The  mixture  of  gases  was  nu^\yztd  lifter  aa  «c|imHzatton  of  the  g&seibf 
diiusion.  In  tliiu  way  tbe  tension  of  tbe  oxygen  and  carbon  dioxide  in  the  circulslibt 
artcritil  blood  was  determined.  During  tbe  experiLneut  ibe  composition  of  i he  inspired 
and  expired  air  was  also  determined,  tae  number  of  inspirations  noted,  and  tbe  extent 
of  respiratory  exchange  of  gaa  measured.  To  be  able  to  tnolce  comparison  between  the  gu 
tension  in  the  blood  aud  in  an  expired  air  whose  cotnposiiion  was  cioser  to  the  unknown 
composiiion  of  tbe  alveolar  air  tbau  llie  ordinary  expired  air.  the  composition  of  the  ci* 
pired  air  at  tbe  moment  it  passed  the  bifurcation  of  tbe  trachea  waa  ascertained  by 
epecial  calculation.  The  tension  of  Ibe  gasea  in  this  '*  bifurcateti  air'*  could  be  com- 
pared with  tbe  tension  of  the  gases  of  the  blood,  and  in  such  a  way  that  the  compwi- 
son  look  place  sIniultaDeousiy.  I 

Bohr  found  remarkably  high  results  for  the  oxjgen  tension  in  arterial 
hlood  m  this  series  of  experiments.  Tliey  varied  between  101  and  144  mm. 
Hg  pressure.  In  eight  out  of  nine  experiments  on  the  breMhing  of  atmoa* 
pheric  acid,  and  in  four  out  of  five  experiments  on  breathing  air  contaitiiog 
carbon  dioxide,  the  oxygen  tension  in  the  arterial  blood  was  higher  thaa 
the  **  bifurcated  air,''  The  greatest  dilTerence,  where  the  oxygen  tension 
was  higher  in  the  hlood  than  in  the  air  of  the  lungs,  was  38  mm.  Ilg, 

According  to  Bohr  we  cannot  simply  explain  the  taking  up  of  oiygfn 
by  the  blood  from  the  air  of  the  hmga  by  a  higher  partial  pressure  of  tbe 
oxygen.  The  difference  in  tension  between  the  two  sides  of  the  walls  of 
the  alTeoli  therefore  may  not  be  the  only  force  which  serves  in  tht 
migration  of  the  oxygen  through  the  lung  tissue,  and  tlie  longs  them- 
selves  most  exercise  au  unknown  specific  action  in  the  taking  up  of 
oxygen. 

HtJFXER  and  Fredericq  *  have  made  the  objection  to  Bohr^s  experi- 
ments aud  views  that  a  perfect  efinilibrium  had  probably  not  been  attaine 
between  the  air  in  the  apparatus  and  the  gases  of  the  blood,     FredeeicqJ 
by  new  experiments,  has  presented  strong  objections  to  the  acceptance 
BoHR*s  findings.     On   the  other  hand    Haldane  and  Smith's'   recet 
experiments  upon  an  entirely  different  principle   show  resnlts  which  coa^ 
tradict  the  ordinary  doctrine  of  the  oxygen  absorption  in  the  InngB. 

Halbane^b  method  h  as  follows  :  The  individual  experimeutcd  upon  \%  alloi^ed 
Inspirt"  air  containing  an  exactly  known  but  small  quantity  of  carbon  monoxide  (OO. 
—  O.Od  per  cent),  nutu  no  further  absi^irpliou  of  carbon  mouoxide  takes  place  aud  mnil  lb 
percentage  saturation  of  ibe  hiemogli>biii  in  the  arterial  blood  with  carbon  monoxide  I 
become  constant  as  shown  by  a  special  titration  method.  Tlds  percentage  saturation  j 
dependent  U|)0ii  I  lie  relation  between  the  tension  of  the  oxygen  id  the  bhM>d  aud  tV 
tension  oT  the  carbon  monoxide,  as  known  from  tbe  composition  of  the  inspired  air: 
When  this  last  and  the  percentage  siituration  wiib  carbon  monoxide  and  oxygen  an 
known  the  oxygen  tenaiou  in  tbe  blood  can  be  easily  ciilculated. 

Haldaxe  and  Smith  calculate  the  tension  of  the  oxygen  in  arterial., 
human  blood  at  an  average  of  26.2^  of  an  atmosphere,  i.e.^  equal  approx 

t  Htlfner,  Du  Bott-Reymond's  Arch.,  1800  ;  Frederici|,  CuntralbL  f.  Phyaiol  ,  Bd- 1 
and  Travaui  du  laboratoire  de  riustitut  de  pliysiologie  de  Lic^ge.  Tome  5.  1^*96. 
»  naldaae.  Journ.  of  Physiol..  Vol.  18,  Haldane  and  Smith,  UM,,  VuL  00. 
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mately  to  200  mm.  Hg.     In  agreement  with  Bohr  the  Tiew  is  held  that 

diffusion  alone  cannot  explain  the  passage  of  oxygen  from  the  Inngs  to  the 

blood,  and  that  this  question  required  further  investigation. 

Aa  the  hEemojrloblu  obtaintHl  from  diffei-eot  blotxl  iwjiiioii.s  does  Dot,  according  to 
Bohr,  always  take  up  the  same  quanlitj  of  oxygen  for  fnch  gruninie,  so.  the  ha?mo- 
globin  within  the  blood -corpuscle  uiay  show  a  similar  behavior.  He  calls  the  quan- 
tity of  oxygen  (measured  al  ^f  C\  and  7&0  mm.  Hg)  whkb  Is  taiteti  up  by  1  grni, 
iiaemoelobin  of  the  blood  nt  15"  C.  ami  an  oxygen  pressure  of  ino  imii,  the  npft^ific  ory- 
gtn  cufkicity  ^  This  quaulitv,  be  claims,  may  be  ilillereiit  not  only  in  <ijflereni  liMli- 
Tiduals,  but  also  \n  ibe  dldercnl  vascular  systems  of  the  same  aniDial.  ami  It  may 
also  be  changed  ex  peri  men  I  ally  by  bleeding,  brealhing  airdeO<;ienl  hi  oxygen,  or  poison* 
ing.  It  is  now  evident  tliat  one  and  the  same  quantity  of  oxygen  in  Xhn  blood,  of  her 
tbiugs  being  equal,  must  have  a  different  tension  according  aa  the  spetilic  oxygen  ca- 
pacity is  greater  or  smaUer.  The  tension  of  fbe  oxygen,  Bohr  mys,  mny  be 'changed 
without  changing  the  quantity  of  oxygen,  and  the  animal  body  mtiiii,  according 
to  him,  have  means  of  varying  the  tension  of  the  oxygen  in  ihe  tissms  in  a  short 
time  without  changing  the  quantity  of  oxygen  contiiinc?d  in  Ihe  blood.  The  great  Ina- 
portaoce  of  such  a  property  of  the  ttsaues  for  respiration  ig  evident ;  but  it  is  perhapBtoo 
€ar)y  to  give  a  positive  opinion  on  Bonn's  statements  and  experiments. 

The  tension  of  the  carbon  dioxide  in  t!xe  blood  has  been  determined  in 
different  ways  by  Pfluoer  and  his  pupils,  Wolffukeo,  Strassburg,  and 

|B|USSBAUM.* 

According  to  the  aerotonometrlc  method  the  blood  is  allowed  to  flow  directly  from 
the  artery  or  vein  through  a  glass  tube  which  contains  a  gas  mixture  of  a  known  com- 
position. If  the  tension  of  the  carbon  dioxide  in  the  blood  is  greater  than  the  ga^  mix- 
ture, then  tlie  blood  gives  up  carlKm  dioxide,  while  in  the  reverse  civseil  lakes  up  carbon 
dioxide  from  the  gas  mixture.  The  analysis  of  the  gas  mixture  after  passing  the  blood 
through  it  wilt  also  decide  If  ihe  tensiemof  tlie  carbon  dioxide  in  lite  blond  U  gieuter 
or  less  than  in  the  gas  mixture  ;  and  by  a  sufficiently  great  number  of  determiDations. 
especially  when  the  quantity  of  carbon  dioxide  of  the  gas  mixture  corresponds  aa  nearly 
as  possible  in  the  beginning  to  the  probable  tension  of  this  gas  in  the  blood,  we  may 
learn  the  tension  of  the  carbon  dioxide  in  the  blood. 

According  to  this  method  the  carbon-dioxide  tension  of  the  arterial 
blood  is  on  an  average  2«8^  of  an  atmogphere,  corresponding  to  a  pressure 
of  21  mm.  mercery  (Strassburc).  In  the  blood  from  the  pulmonary 
alveoli  Xussbaum  found  a  carbon-dioxide  tension  of  3,81^  of  an  atmos- 
phere, corresponding  to  a  pressure  of  28^05  mm.  mercury.  Strassburg, 
who  experimented  in  tracheotomized  dogs  in  which  the  ventilation  of  the 
InngB  was  less  active  and  therefore  the  carbon  dioxide  was  removed  from  the 
blood  with  leea  readiness,  found  in  the  venous  blood  of  the  heart  a  carbon- 
dioxide  tension  of  hA^  of  an  atmosphere,  corresponding  to  a  partial  pressure 
of  41.01  mm,  mercury. 
■  Another  method  is  the  catheterization  of  a  lobe  of  the  lungs  (see  page 
^3D).  In  the  air  thus  obtained  from  the  lungs  Ncssbauai  and  Wolffbebq 
found  an  average  of  3.6;^  CO,.  Xussbaum,  aa  previously  mentioned,  has 
also  determined  the  carbon-dioxide  tension  in  the  blood  of  the  pulmonary 
alveoli  in  a  case  simultaneously  with  the  catheterization  of  the  longs.  He 
fonnd  nearly  identical  resultsj  namely,  a  carbon-dioxide  tension  of  3,845( 
and  3.815^. 

»  Bohr.  Centralbl.  f.  Phyi^iol.,  Bd.  4,  ~  ^~        — = 

•  Wolflberg,  PfiUger'a  Arch.,  Bd*  6  ;  Strassbtng,  Md,;  NuB8baum»  ibid.,  Bd.  7, 
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Bomb,  ia  his  experiments  above  meationed  (page  539),  ha^  arriTed  it 
other  resnlts  in  regard  to  the  carboo'di oxide  tension.  In  eleven  experiments 
with  inhalation  of  atmospheric  air  the  carbon-dioxide  tension  in  the  trteml 
blood  varied  from  0  to  38  nioi.  ITg,  and  in  five  experiments  with  inbalation 
of  air  containing  carbon  dioxide  from  0,9  to  57.8  mm.  Ilg,  A  comparison 
of  the  carbon-dioxide  tension  in  the  blood  with  the  bifiircatetl  air  pfe  i& 
several  cases  a  greater  carbon-dioxide  pressure  in  the  air  of  the  langs  thin 
in  the  blood,  and  as  maximnm  this  difference  amounted  to  17*2  mm.  in 
favor  of  the  air  of  the  lungs  in  the  experiments  with  inhalation  of  atmo- 
spheric air.  As  the  alveolar  air  is  richer  in  carbon  dioxide  than  the  bifur- 
cated air,  this  experiment  nnqnestionably  proves,  according  to  Bohr,  that 
the  carbon  dioxide  has  migrated  against  the  high  pressure. 

In  opposition  to  these  investigations,  Fhedericq,*  in  his  above-mentioned 
experiments,  obtained  the  same  figures  for  the  carbon -dioxide  tension  ia 
arterial  peptone  blood  as  Pfluger  and  his  pnpils  found  for  normal  blood. 
WEiSGERbER/    in   Fkedericq's   laboratory,    has   made    experiments  wilb 
animals  which  respired  air  rich  in  carbou  dioxide,  and  these  experimeata 
ronfirm    Pfluger's  theory  of  respiration.      The  low  figures  obtained  by  , 
Bohr  for  the  carbon-dioxide  tenaion  appear  remarkable  when  we  recall  thatj 
Grandis  found  in  peptone  blood  which  Lahousse  and  Blachsteix' had 
shown  was  poor  in  carbon  dioxide,  a  high  carbon-dioxide  tension. 

A  certain  importance  has  been  ascribed  to  oxygen  in  regard  to  the 
elimination  of  carbon  dioxide  in  the  lungs,  in  that  it  has  an  expelling  actioa 
on  the  carbon  dioxide  from  its  combinations  in  the  blood.  This  Btatement 
first  made  by  HoLiinRKX,  has  recently  found  an  advocate  in  Werigo.* 
This  investigator  has  made  ingenious  experiments  on  living  animals  in  which 
he  allows  both  lungs  of  the  animal  to  breathe  separately,  the  one  witi 
hydrogen  and  the  other  with  pure  oxygen  or  a  gas  mixture  rich  in  oxygen.* 
He  invariably  fonnd  a  greater  carbon-dioxide  tension  in  the  air  Backed  from 
the  lungs  in  the  presence  of  oxygen,  and  he  draws  the  conclosion  from  his 
experiments  that  the  oxygen  passing  from  tlie  long  alveoli  into  the  blood 
raises  the  carbon -dioxide  tension.  According  to  Werigo,  by  this  actioH 
the  oxygen  is  a  powerfnl  factor  in  the  elimination  of  carbon  dioxide,  ana 
therefore  it  is  not  necessary  to  assume  a  specific  action  of  the  long  itself  ia 
these  processes.  fl 

ZrNTZ "   has    snggested    important   objections    to   the    concluaiond  o^ 
Werigo,  but  they  have  not  been  anbstantiated  by  experiment;  hence  th^ 
question  is  still  open. 

'  See  fool- M  die  1,  page  540» 

'  Ceiitralbl  f.  Physiol .  Bd.  10»  9.  482. 

*  QruDdiB,  Du  Boia-Rejmond's  Arcb.,  1891 ;  Lnliousse,  ibid,,  1889;  Blachatein.  i^idU 
189L 

*  Holrngren,  Wiener  Silzuagaber. ,  Bd*  48 ;  Werigo,  Pflttger'fl  Arch..  Bdd.  51  and  53. 
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We  are  not  quite  clear  in  regard  to  the  carbon-dioxide  elimination 
in  the  InngB,  and  we  moat  wait  for  further  light  oa  this  head. 

From  what  has  been  said  above  (page  53(J)  in  regard  to  the  internal 
respiration  we  conclude  that  it  consists  chiefly  in  that  in  the  capillaries  the 
oxjgen  passes  from  the  blood  into  the  tiasnes,  while  the  carbon  dioxide 
passes  from  the  tisanes  into  the  blood. 

The  assertion  of  EsTOR  and  Saint  Pierre  that  the  quantity  of  oxygen 
in  the  blood  of  the  arteries  decreases  with  the  remoteness  from  the  heart 
has  been  shown  as  incorrect  by  Pfluoer,-  and  the  oxygen  tension  in  the 
blood  on  entering  the  capillaries  must  be  higher-  As  compared  with  tlie 
capillaries  the  tissnes  are  to  be  considered  as  nearly  or  entirely  free  from 
oxygen,  and  in  regard  to  the  oxygen  a  considerable  difference  in  pressure 
mnst  exist  between  the  blood  and  tissnea.  The  possibility  that  this  differ- 
ence in  pressure  is  sufficient  to  supply  the  tissues  with  the  necessary 
quantity  of  oxygen  is  hardly  to  be  doobted. 

In  regard  to  the  carbon-dioxide  tension  in  the  tissae  we  must  assume 
a  priori  that  it  is  higher  than  in  the  blood.  This  is  found  to  he  trne. 
Strassburo'  found  in  the  nrine  of  dogs  and  in  the  bile  a  carbon-dioxide 
tension  of  ^i  and  1%  of  an  atmosphere,  respectively*  The  same  experi- 
menter has,  further,  injected  atmospheric  air  into  a  ligatured  portion  of  the 
intestine  of  a  lining  dog  and  aoalyzed  the  air  taken  out  after  some  time. 
He  found  a  carbon-dioxide  teneion  of  1,1%  of  an  atmosphere.  The  carbon- 
dioxide  teneion  in  the  tissues  is  considerably  greater  than  in  the  venous 
blood,  and  there  is  no  opposition  to  the  view  that  the  carbon  dioxide  simply 
diffuses  from  the  tissues  to  the  blood  according  to  the  laws  of  diffusion. 

That  a  inie  secretion  of  grtses  occurs  in  anicials  follows  from  the  com posi lion  and 
bebavior  of  the  gasea  in  the  swimming  bladder  of  tiehes.  These  gases  consist  of  oxy- 
gen anrl  nitrogen  with  only  smiill  qoantilicii  of  cjirbon  dioihle.  In  tislies  wliicii  do  not 
liTe  at  any  great  depth  the  nuaullty  of  oxygen  ia  ordinal ily  as  high  as  ie  Ihe  atmos- 
pbere«  whtl©  fiahes  which  live  at  great  depths  may.  according  to  Biot  and  oihers,  con- 
tain considerably  more  oxygen  and  even  above  80^.  Moheau  iins  also  found  iliai  after 
emptying  the  swimming-bladdtr  ijy  means  of  a  trocar  new  air  collpcted  after  a  lime, 
and  this  air  was  richer  In  oxygen  than  the  atmospheric  air  and  contained  even  85^ 
oxvgeQ.  BoHB,'  wlio  haa  proved  and  contirnried  these  stalt'mentB,  also  found  that  lliiii 
collection  is  under  the  influence  of  tiie  nervous  ayiit em*  because  ou  tlie  section  of  certain 
branches  of  pneumogaatnc  nerve  it  is  discontinued.  It  is  beyond  dispute  that  we  have 
here  a  secretion  and  DOt  a  diffusiou  of  oxygeo. 

Several  methods  have  been  saggested  for  the  stndy  of  the  quantitatiTe 
relationship  of  the  respiratory  exchange  of  gas.  We  mnst  refer  the  reader 
to  other  text-books  for  more  details  of  these  methods,  and  we  will  here  only 
mention  the  chief  features  of  the  most  important  methods* 

>  Eator  and  St.  Pierre  with  Pflttger  in  Pfltlger's  Arch.,  Bd,  1. 

•Pilllger's  Arch.»  B<i.  a 

•Biot,  see  Hermann**  llandbQch  d.  Pbyiiol..  Bd.  4,  Thl  2,  S.  151  ;  Mureau.  Compt. 
tend..  Tome  57;  Bohr,  Joum*  of  Physiol,  Vol  15.  See  also  Htlfner,  Bu  Bois-Rey- 
mond  a  Arch,,  1892- 
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Reonatjlt  Jiiid  IIkiset*b  Metfwd.  According  to  tbU  tnelliod  Ihe  aDlmalor  pewju 
experimented  ii|m)ii  is  allowed  to  brent  he  io  sq  enclosed  »pftce.  Tbe  caiboG  dioxide  ii 
remuved  from  the  nir,  as  it  forms,  by  strtJug  cnustic  iilkali,  from  which  fbe  qunolity 
may  Ije  delermJned,  wklle  the  oxygen  is  replaced  cantiDimllj  by  exftcUy  measured 
quanliliea.  This  method,  which  also  makes  pnssihlc  a  direct  determiDation  of  the  i 
oxj^gen  uaed  as  well  as  the  carljon  dioxide  produced,  has  sluce  been  modified  by  otlw 
jnviBiignlors,  svich  as  Pfluqer    aud  his  pupils,  Seegeit  and  NoWAS^  aud  Hom> 

SEYLRlt.^ 

Peite\kofer*s  Method.  According  to  this  method  the  individual  to  be  eiperl. 
menled  upon  lireathes  in  a  room  through  which  a  current  of  atmospheric  air  is  passed, 
The  QiiaoLiiy  of  air  passed  through  is  carefully  meiuured.  As  it  is  impossible  to 
aualyze  all  the  idr  made  to  pass  through  the  chamber,  a  small  fraclion  of  this  airii 
diverted  into  a  briiDch  line  duritig  the  entire  cxperiinent,  carefully  measured,  aud  Ihr 
quantity  of  carbon  dioxide  and  water  delermined.  Fmm  the  composition  of  tiiis  tir 
ihe  quanlity  of  water  and  carbon  dioxltJe  cotilnioed  in  the  large  quantity  of  air  madelo 
pass  through  ihe  chamber  can  be  calculated.  The  consumptioa  of  oxygen  canDot  bf 
directly  determined  in  this  method,  but  may  be  ludirectJy  by  diffei*ence,  which  b  i 
defect  in  tiiia  method.  The  large  respii-ation  apparatus  of  Sondbn  and  TtoxBSTsm* 
is  based  upon  this  principle. 

Speck's  Metfwd*  For  briefer  experiments  on  man  Speck  has  used  Uie  followlof  : 
He  breathes  into  two  spirometer  receivers,  on  which  the  gas-volume  can  be  read  of 
very  accurately,  through  a  mouthpiece  with  two  valves,  closing  the  tiose  with  aclsrop. 
The  air  from  one  of  the  spirometers  is  inhaled  ihrough  one  valve,  and  the  expired  »li 
passes  through  the  other  into  the  other  spirometer.  By  means  of  a  nibberlube  c«d 
nectcd  with  the  expiration  tube  an  accurately  measured  part  of  the  expired  air  may  b« 
passed  into  an  nbsorption-tube  and  analyzed. 

ZuNTZ  and  Gkppeht'b  Method.*  This  method,  which  has  been  improved  by  Zcim  . 
and  his  pupils  from  time  to  time,  consists  in  the  following:  The  individual  beifi|  I 
experimeutetl  u^mju  Inspires  pure  atmospheric  air  through  a  very  wide  feed-pipe  leadiQ|l 
from  the  open  air,  the  inspired  and  the  expired  air  beiDg  separated  by  two  valfHi 
(human  sutijecis  breathe  with  closed  nose  by  means  of  a  soft  rubber  mouthpiece,  i 
malii  through  a  a  air-tight  tracheal  cainihi).  The  volume  of  the  expired  air  is  measured 
by  a  gas-meter,  and  an  aliquot  part  of  this  air  collected  and  the  quantity  of  carbon 
dioxide  and  oxygen  determined.  Aa  the  composition  of  the  atmospheric  air  can  be 
considered  as  constant  within  a  certain  limit,  the  proilnction  of  carbon  dioxide  as  well 
as  Lbe  consumption  of  oxygen  may  be  readily  calculated  (see  the  works  of  Zuntx  and 
his  pupils). 

Hanriot  aud  Richet's  methM^  is  characterized  by  its  simplicity.  These  inv^l* 
rut f)rs  allow  the  total  air  to  pass  through  three  gas-meters,  one  after  the  other.  Th« 
nrist  uieftsure^  the  iuspired  air,  whose  composition  is  known.  The  second  gas-mett 
measures  tlie  expired  air,  and  the  third  the  quantity  of  the  expired  air  after  the  carb 
dioxide  has  been  removed  by  a  suitable  apparatus.  The  quantity  of  carbon  dioJUil 
produced  and  the  oxygen  consumed  can  he  readily  calculated  from  these  d&tA» 


Appendix. 

The  LtmgB  and  their  Expectorations. 

Beeides  proieid  bodies  and  the  aWinninoids  of  the  (XJnneetive-aabstanot 
group,  UcUhirh  taurm  (especially  in  ox-lnngs),  uric  acid^  and  inosU  hare 
beeu  fonnd  in  the  Itinga.     Poulet*  claims  to  have  foand  a  special  acidj 


^  See  ZuntK  in  Hermann's  flandbuch,  Bd.  4,  Thl  3,  and  Hoppe-Seyler,  ZcitschL  f 
physiol.  Lliem.,  Bd.  19. 

^  Pcttenkofer*s  method  ;  see  Zuntz,  1.  c.;  Sond6u  and  Tlgerstedt,  Skaud.  Arch.  f. 
Physiol  ,  Bd.  6.  _ 

'  Speck.  Ph^'slologie  dea  menschlichen  Athmens,     Leipzig,  1892.  fl 

*  PflngtT*3  Arch.,  Bd.  43.     See  also  Magnus-Levy  in  Pfltlger's  Arch.,  Bd,  55.  8*  30^ 
in  which  the  work  of  Znntz  and  his  pupils  is  rited. 

^  Conit't.  rend,,  Tome  104. 

■  Cited  from  Maly^s  Jahresber.,  Bd.  18,  S.  348. 


LUNGS  AND  THEIR  EXPECTORATIONS, 


545 


^^  which   he  has  called  pulmotartaric  acid^  in   the  lung-tissue.      Glycogen 
Dars  abondantlj  in  the  emhryonio  long,  bnt  is  absent  in  the  adnlt  laag. 

Tlie  black  or  dark  browD  pigment  in  Lhe  luogs  of  human  beinp  and  duoiestic  aui- 
mala  consists  clxieHy  of  cat  boo,  which  orlglDfttes  irom  Ibe  soot  in  ibe  air.  Tbe  pigment 
may  in  \m\i  also  coD&lst  of  melanin.  Besides  carbont  other  bofiles,  such  as  iroD  oxrcl(% 
silicic  acid,  and  clay,  may  be  deposited  In  the  lungs,  beiDg  iubnlcd  as  dust. 

Among  the  bodies  found  in  the  lungs  under  pathological  conditions  we 
must  fipecially  mention  albomoeesand  peptones  (in  pnenoionia  and  suppura- 
tion), glycogen,  a  faintly  dextro-rotatory  carbohydrate  differing  from 
glycogen  found  by  Pouohet  in  consumptives,  and  finally  also  celluloge, 
which,  according  to  Freund,*  occnre  in  the  lungs,  bloody  and  pns  of 
persons  with  tuberculosis. 

C.  W*  Schmidt  found  in  1000  grnis.  mineral  bodies  from  tbe  normal 
human  lung  the  following:  NaCl  130,  K,0  13,  Na,0  195,  CaO  19,  MgO 
19,  Fe,0,  3^^,  P,0,  485,  SO,  8,  and  sand  134  grms.  According  to 
OiDTMAKN*  the  lungs  of  a  14*day-old  child  contained  796.05  p.  m.  water, 
198,19  p.  m.  organic  bodies,  and  5.76  p.  m.  inorganic  bodies. 

The  sputum  Is  a  mixture  of  the  mucous  secretion  of  the  respiratory 
passages,  of  saliva  and  buccal  mucus.  Because  of  this  its  composition  is 
very  variable,  especially  under  pathological  conditions  when  various  products 
mix  with  it.  The  chemical  constituents  are,  besides  the  mineral  substances, 
chiefly  mucin  with  a  little  proteid  and  nuclei n  sobatance.  Under  patho- 
logical conditions  albnmoses  and  peptone  (?),  volatile  fatty  acids,  glycogen, 
Coarcot's  crystals,  and  also  crystals  of  cholesterin,  hsematoidin,  tyrosin, 
fat  and  fatty  acids,  triple  phosphates,  etc.,  have  been  found. 

The  form  constituents  are,  under  physiological  circumstances,  epithe- 
lium-cells of  various  kinds,  leucocytes,  sometimes  also  red  blood-corpuscles 
and  various  kinds  of  fungi*  lu  pathological  conditions  elastic  fibres,  spiral 
formations  consisting  of  a  mucin-like  substance,  fibrin  coagnlum,  pus, 
pathogenic  microbes  of  various  kinds,  and  the  above-mentioned  crystals 
occur. 


*  Poucbet,  Compt.  rend.,  Tome  (HJ ;  Fteuud,  cited  from  Mnly's  Jabresbcr.,  Bd.  10, 
8.  471. 

'  Schmidt^  cited  from  v.  Qorup-BeBanez,  X^brbuch,  4.  Auli.,  S.  727  ;  Otdlmann. 


CHAPTER  XVIII. 

METABOLISM  WITH  VARIOUS  FOODS,    AND  THEIR  NECESSITY 

TO  MA^. 


The  conversion  of  cbemtcal  tension  into  living  energy,  which  characte^ 
izes  animal  life»  leads,  as  predion  sir  stated  in  Chapter  I,  to  the  formation  ot 
relatively  simple  compounds^ — carbon  dioxide,  nrea,  etc.^ — -which  leave  th« 
organism,  and  which,  moreover,  being  very  poor  in  potential  energy,  aw 
for  this  reason  of  no  or  very  little  valne  for  the  body.     It  is  therefore 
absolntely  necessary  for  the  continuance  of  life  and  the  normal  coarse  of  the 
fnnctions  of  the  t>ody  that  the  organism  and  its  different  tisanes  should  be 
snpplied  with  new  material  to  replace  that  which  has  been  eihansted.    This 
18  accomplished  by  means  of  food.     Those  bodies  are  designated  rsM 
which  have  no  injur  ions  action  npon  the  organism  and  which  serve  ai  > 
source  of  energy  and  can  replace  tliose  conBtitueuta  of  the  body  that  htt^« 
been  consumed   in  metabolism  or  that  can  prevent  or  diminish  the  con* 
SDmption  of  such  constituents. 

Among  the  numerous  dissimilar  substances  which  man  and  animals  tak^ 
with  the  food  all  cannot  be  equally  necessary  or  have  the  same  valae.  Som^ 
perhaps  are  unnecessary,  while  others  may  be  indispensable.  We  hav^ 
learned  by  direct  observation  and  a  wide  experience  that  besides  the  oxygen 
which  is  necessary  for  oxidation,  the  essential  foods  for  animals  in  general, 
and  for  man  especially,  are  vmier^  mineral  bodies,  proteins^  carbohydrates 
and  fats. 

It  is  also  apparent  that  the  various  groups  of  food-stuffs  necessary  f< 
the  tissues  and  organs  must  be  of  varying  importance;  thus,  for  instance, 
water  and  the  mineral  bodies  have  another  value  than  the  organic  foods^ 
and  these  a^in  most  differ  in  importance  among  themselves.  The  knowl 
edge  of  the  action  of  various  nutritive  bodies  on  the  exchange  of  materii 
from  a  qualitative  as  well  as  a  quantitative  point  of  view  must  be  of  fund 
mental  importance  in  determining  the  value  of  different  natritivesnbstanc< 
relative  to  the  demands  of  the  body  for  food  nnder  various  conditions,  aad 
also  in  deciding  many  other  qoestions— for  instance^  the  proper  nntritiDD 
for  an  individual  in  health  and  in  disease. 

Such  knowledge  can  only  be  attained  by  a  series  of  systematic  and 
"thorough  observationsj  in  which  the  quantity  of  nutritive  materia],  relatite 
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*^  the  weight  of  the  boclj,  taken  and  absorbed  in  a  given  time  is  compared 
"^ith  the  quantity  of  final  metabolic  products  which  leave  the  organism  at 
the  same  time.  Itesearches  of  this  kind  have  been  made  by  6e"eral  in^esti- 
K^tors^  but  above  all  shouUl  he  mentioned  those  made  by  Bischoff  and 

II^OiT,  by  Pbttbxkofer  and  Voix,  and  by  Voit  and  his  pupils, 
[  It  is  ab&olately  necessary  in  researcheB  on  the  exchange  of  material  to 
[be  able  to  collect,  analyze,  and  qoantitatively  estimate  the  eiccretit  of  the 
OrgaDism,  so  that  they  may  be  compared  with  the  quantity  and  composition 
of  the  nutritive  bodies  taken  np.  Id  the  first  place,  one  must  know  what 
the  babitnal  excreta  of  the  body  are  and  in  what  way  these  bodies  leave  the 
organism.  One  must  also  have  trustworthy  methods  for  the  qaantitative 
^estimation  of  the  same. 

H        The  organism  may,  under  physiological  conditions,  be  exposed  to  acci- 
dental or  periodic  losses  of  valuable  material— iuch  losses  as  only  occur  in 
certain  individualB,  or  in  the  same  individual  only  at  a  certain  period;  for 
instance,  the  secretion  of  milk,  the  production  of  eggs,  the  ejection  of 
semen  or  menstrual  blood*     It  is  therefore  apparent  that  these  losses  can 
^be  the  subject  of  investigation  and  estimation  only  in  special  cases. 
H        The   regular  and   constant  excreta  of  the  organism  are  of  the  very 
greatest  importance  in  the  study  of  metabolisnL     To  these  belong,  in  the 
first  place,  the  true  fimd  metabolic  products — caebon  dioxide,  urea  (uric 
acid,  hippuric  acid,  creatinin,  and  other  urinary  constituents),  and  a  part 
of  the  WATER.     The  remaiuder  of  the  water,  the  mineral  bodies,  and  those 
secretionsortissae-constitnents— MUCUS,  digestive  fluids,  SEUuii,  sweat, 
and  EPiDEHMis  FORMATIONS — which  are  either  poured  into  the  intestinal 
tract,  or  secreted  from  the  surface  of  the  body,  or  broken  oft  and  thereby 
lost  to  the  body,  also  belong  to  the  constant  excreta. 

The  remain*  of  food,  sometimes  incligesUble,  aometlmea  digestible  but  not  acted 
upon,  cuiituined  in  the  fiEces,  which  vuiy  considerably  lu  quiiutiTy  aod  composition 
wllb  the  nulure  of  the  food,  nlst*  beluiig  to  the  extTeta  of  (he  organism.  Even  though 
s  remnina.  which  are  ocTer  iibsoibed  and  therefore  are  never  conatitiieuls  of  the 
al  fiuida  or  lisaues.  cannot  be  considered  a*  cxcri'ta  of  the  budj  id  ji  srrict  eeoBe, 
Btill  iheir  quantitative  eatimatiou  is  absolutely  necessary  in  certain  experiments  on  the 
excbnnge  of  material. 

The  dele  rm  inn  I  ion  at  tlie  constant  loss  is  In  some  cases  accompanied  with  the 
greatest  diffieuliiea.  Tlie  loss  from  the  delacbed  epidermis,  from  the  secrelion  of  tbe 
icbaceons  glands »  etc.,  cannot  be  determioed  with  exactness  without  diillcMlly,  and 
therefore — as  they  do  not  occasion  any  appreciable  loss  because  of  Ihelr  small  qnnn^ 
tity— they  need  not  be  considered  in  qnanUtative  experiments  on  metalMilism.  This 
ftlao  applies  to  the  constituents  of  the  mucus,  bile,  pancreatic  and  intestinal  julcts,  etc., 
occurring  in  the  contents  of  tbe  iolestlue*  attd  which*  leaving  the  body  with  I  be  frEces, 
cannot  be  separated  from  the  olbcr  contents  of  llie  intestine  and  therefore  cannot  bo 
quiintitalively  determined  separately.  The  uncertainty  which,  because  of  the  iutU 
muted  difficulties,  attaches  itself  to  the  results  of  the  experiments  is  very  small  as  com- 

{}ared  to  the  variiitioo  which  Is  caused  hj  different  individiudities,  different  modes  of 
iving,  different  foods,  etc.  No  general  but  only  approximate  values  can  therefore  be 
given  for  tbe  constoint  excreta  of  the  human  body. 

The  following  fignres  represent  the  quantity  of  excreta  for  34  honrs  from 
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a  grown  man,  weighing  60-70  kilos,  ou  a  mixed  diet.     The  numlewi 
compiled  from  the  results  of  different  investigators^ 

Grnmmes. 

Water .,. ^(Xl-3500 

Sftlla  (wHli  the  urine). 30-30 

Carbon  dioxide 750-900 

Urea 20-40 

Olber  Ditiogenous  urinary  constituenta ,. , ,         S-5 

Solids  in  ibe  cxcremeala SO-90 

These  total  excreta  are  approximately  divided  among  the  imm 
excretions  in  the  following  way— bot  still  it  must  not  be  forgotten  that  this 
division  may  vary  to  a  great  extent  ander  various  external  cirenmstanm: 
by  itESPiRATiox  abont  3*3,*^,  by  the  evaporatiox  from  the  sktx  17<,  with 
the  URINE  46-47j^,  and  with  the  excrements  5-9j«J.  The  eliminatian  bj 
the  skin  and  lungs,  which  is  sometimes  differentiated  by  the  name  "  vzw 
PiKATio  INSENSIBILI9  "  from  the  visible  elimination  by  the  kidneys  tnd 
intestine,  is  on  an  average  abont  50;^  of  the  total  elimination.  This  propor- 
tion, quoted  only  relatively,  is  subject  to  considerable  variation »  becanaeof 
the  great  difference  in  the  loss  of  water  through  the  skin  and  kidneys  onder 
different  circumstances. 

The  nitrogenous  constituents  of  the  excretions  consist  chiefly  of  ant, 
or  nric  acid  in  certain  animals,  and  the  other  nitrogeneons  urinary  c(>ii- 
stitaents.  A  disproportionately  large  part  of  the  nitrogen  leaves  the  body 
with  the  urine,  and,  as  the  nitrogeneons  constituents  of  this  excretioaan 
final  products  of  the  metabolism  of  proteida  in  the  organism,  the  quantitj 
of  proteids  catabolized  in  the  body  may  be  easily  calculated  by  multiplying 
the  quantity  of  nitrogen  in  the  urine  by  the  coefficient  6.25  (^  —  0-^5)t 
if  we  admit  that  the  proteida  contain  in  round  number  16*^  nitrogen. 

Still  another  question  is  whether  the  nitrogen  leaves  the  body  only  with 
the  urine  or  by  other  channels.     This  last  is  habitually  the  case.     The  die- 
charges  from  the  intestine  always  contain  some  nitrogen  which  has  a  twofold  j 
origin.     A  part  of  this  nitrogen  depends  upon  undigested  or  non-absorb 
remnants  of  food,  and  another  part  on  the  non^absorbed  remains  of  diges-^ 
tive  secretions— bile,  pancreatic  juice,  intestinal  mucus — and  of  epitheliam- 
cells  of  the  mucous  membrane.     It  follows  that  a  part  of  the  nitrogen  of 
fsecea  has  this  last-mentioned  origin  from  the  fact  that  discharges  from  the. 
intestine  occnr  also  in  complete  Inanition. 

It  is  obvious  that  exact  reBults  wiiich  answer  for  all  times  cannot 
given  for  that  part  of  the  nitrogen  which  has  its  origin  in  the  dlgesUv 
canal  and  fluids.  It  may  not  only  vary  in  different  individnals,  hot  also  i 
the  same  individual  after  more  or  less  active  secretion  and  absorption^  In 
the  attempts  made  to  determine  this  part  of  the  nitrogen  of  the  excrementi 
it  has  been  found  that  in  man,  on  non -nitrogenous  or  nearly  nitrogen-free 
food,  it  amounts  in  round  numbera  to  somewhat  less  than  1  grm.  per  H 
hours  (RiEiiEK,  Rcbner).     Even  with  such  food  the  absolute  quantity  < 
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^trogen  eliminated  by  the  f«ces  increases  with  the  quantity  of  food  because 
^*  the  accelerated  digestion  (Tsuboi*),  and  is  greater  than  in  starvation. 
^^^t'LLER'  found  in  his  obaerrations  on  the  faster  Cetti  that  only  0.2  grm, 
Nitrogen  was  derived  from  the  intestinal  canal. 

The  quantity  of  nitrogen  which  leaves  the  body  nnder  normal  eircnm- 
^tancea  by  means  of  the  hair  and  nails,  with  the  scaling  off  of  the  skin,  and 
"^ith  the  perspiration  cannot  be  accurately  determined*  Only  in  profuse 
Sweating  need  the  elimination  hy  this  channel  he  taken  into  consideration. 

The  view  was  formerly  held  that  iu  man  and  caruivora  an  elimination 
of  gaseous  nitrogen  took  place  through  the  skin  and  Inngs,  and  because  of 
thiBy  on  comparing  the  nitrogen  of  the  food  with  that  of  the  urine  and 

^.fsBces,  a  nitrogen  dejicit  occurred  in  the  Yisible  ehmination. 

^P  This  question  has  been  the  subject  of  much  discussion  and  of  nnmerouB 
investigations,'  These  investigations  have  shown  that  the  above  assumption 
IB  unfounded,  and  moreover  several  investigators,  especially  Pettexkokeh 
and  YoiT,  and  Guubee/  have  shown  by  experimeniB  on  man  and  animals 
th&t  with  the  proper  quantity  and  quality  of  food  we  can  bring  the  body  into 
nitrogenous  equilihriuin^  in  which  the  quantity  of  nitrogen  voided  with  the 
nrine  and  fsecea  is  equal  or  nearly  equal  to  the  quantity  contained  in  the 
food.  Undoubtedly  we  must  admit  with  VoiT  that  a  deficit  of  nitrogen 
does  not  exist;  or  it  is  so  insigniilcant  that  in  experimeota  upon  metabolism 
it  need  not  be  considered.  Ordinarily,  in  investigations  on  the  catabolism 
of  proteids  in  the  body,  it  is  only  necessary  to  consider  the  nitrogen  of  the 
urine  and  faeces,  but  it  must  be  remarked  that  the  nitrogen  of  the  urine  is 
a  measure  of  the  extent  of  the  catabolism  of  the  proteids  in  the  body, 
while  the  nitrogen  of  the  fteces  (after  deducting  about  1  gnn.  on  mixed 
diet)  is  a  measure  of  the  non-absorbed  part  of  the  nitrogen  of  the  food. 
The  nitrogen  of  the  food,  as  well  as  of  the  excreta,  is  generally  determined 
by  Kjelhahl's  method. 

^        In  the  oxidation  of  the  proteids  in  the  organism  their  sulphur  is  oxidized 

H  into  Bulphuric  acid,  and  on  this  dejieiuis  the  fact  that  the  elimination  of 
sulphuric  acid  by  the  urine,  which  In  man  is  only  to  a  small  extent  derived 
from  the  sulphates  of  the  food,  makes  nearly  equal  variations  as  the  elimi- 
nation of  nitrogen  by  the  urine.  If  we  consider  the  amount  of  nitrogen 
and  sulphur  in  the  proteids  as  16;^  and  1^  respectively,  then  the  proportion 
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»  Rfeder,  Steitschr.  f.  Biologic,  Bd.  20  ;  RubDer,  ibid.,  Bd.  15  ;  Tauboi,  ihid.,  Bd.  85. 

•  Berliu.  klfiu  Wocbenachr.,  1887. 

•  See  RegrmuU  aod  Reiset,  ADoaL  d.  cliim,  et  pliys.  (3),  Tome  26.  and  Aunal.  d. 
Chem.  a.  Pbarui,,  Bd.  73;  Sc^egeo  and  Nowak,  Wilmi.  Sitzuiigsber.,  Bd.  71.  and  PflQger*a 
Arch..  Bd.  25;  Petttnkofer  and  Voit,  Zeitscbr.  f.  Biologfe,  Bd.  16;  Leo.  PflUger'B 
Arch.,  Bd.  26. 

•  Peileukofer  and  Voit  iu  HerDMinii's  Haudbiicb,  Bd  6,  Tld.  1 ;  GrGber,  Zdlscbr  i. 
Biologic,  Bdd.  10  and  19. 
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between  tlie  nitrogen  of  the  proteida  and  the  snlphnric  acid,  H,SO„  pro* 
duced  bj  their  combustion  is  in  the  ratio  5.2  :  1,  or  about  tlie  same  as  in 
the  urine  (see  ]mge  4»j!*).  The  determination  of  tiie  qnantitj  of  sulphuric 
acid  eliminated  witli  the  orioe  girea  ns  an  important  means  of  coDtrolliog 
the  extent  of  the  transformation  of  proteids,  and  such  a  coutrol  is  especiillj 
important  in  cases  in  which  we  wish  to  stndy  the  action  of  certain  nitrog- 
enous non-albuminous  bodies  on  the  metabolism  of  proteids.  A  determi- 
nation of  the  nitrogen  alone  is  not  sufiicient  in  such  cases. 

The  pseudonocleins,  as  well  as  tlie  true  nucleins,  may  be  absorbed  from 
the  intestinal  tract  and  then  assimilated  (GrMLicH^  Sandmeyer,  MAacui^E, 
BoQMANK,  and  Steinitz  ').  On  the  other  hand,  the  phosphorized  protein 
substances,  lecithins  and  protagous,  are  also  decomposed  within  the  Loiij, 
and  their  phosphoros  is  chiefly  eliminated  im  phosphoric  acid  and  also  in 
part  aa  organically  combined  phosphor  ns  (see  Chapter  XV,  pE^ge  4(52).  For 
these  reasons  the  phosphorus  is  of  great  importance  in  certain  iuTefitigationi 
on  metabolism/ 

If  it  is  found,  on  comparing  the  nitrogen  of  the  food  with  tliat  of  the 
nrfne  and  faeces,  that  there  is  an  excess  of  the  first,  this  means  that  tie 
body  has  increased  its  stock  of  nitrogenous  Buhstuncea^ — proteids.     If,  on 
the  contrary,  the  urine  and  fseces  contain  more  nitrogen  than  the  food  taken 
at  the  same  time,   this  denotes  that  the  body  is  ginng  up  part  of  iti 
nitrogen— that  is,  a  part  of  its  own  proteids  has  been  decomposed,    W« 
can,  from  the  quantity  of  nitrogen,  as  above  stated,  calcnlate  the  corre- 
sponding quantity  of  proteids  by  multiplying  by  C/35,     Usually,  accordiiig 
to  Voit's  proposition^  the  nitrogen  of  the  urine  is  not  calculated  as  decom- 
posed proteids,  but  as  decomposed  muscle-substance  or  flesh.     Lean  meat 
contains  on  an  average  about  3.4*^  nitrogen;  hence  each  gramme  of  nitrogea 
of  tlie  urine  corresponds  in  round  numbers  to  about  30  grms.  flesh.     The' 
assumption  tliat  lean  meat  contains  3.4^  nitrogen  is  arbitrary,  aa  specially 
shown  by  PflOoer,  and  the  relationship  of  N  :  C  in  the  proteids  of  dried 
meat,  which  is  of  great  importance  in  certain  experiments  on  metabolism, 
is  given  differently  by  various  experimenters,  namely,  1  :  3.22 — 1  :  3.68,^ 
ARorTTNSKY  *  found  in  ox-Hesh,  after  complete  removal  of  fat  and  subtrac- 
tion of  glycogen,  that  the  relationship  was  1  :  3.24. 

A  disproportionately  large  part  of  tlie  carbon  leaves  the  body  as  carbon 
dioxide,  which  escapes  chiefly  through  the  hmgs  and  skin.  The  remainder 
of  the  carbon  is  eliminated  in  the  form  of  organic  combinations  by  the  nrint. 
and  faeces,  in  which  the  quantity  of  carbon  can  be  determined  by  elementary 


»  Stelnilz,  Pflllger'a  Arch.,  Bd.  72,  which  contains  the  work  of  the  olher  authoN 
cited. 

*  In  regard  li>  tlie  iiicthotls  in  this  coimeciion  8«e  Slehiilz.  1.  c. ;  Ocrtel,  Zetischr,  f. 
physioL  Cht-ui.,  Bd.  20 

«  Pflager,  PflUgers  Arch..  Bd.  51,  S.  229  ;  ArguUnsky,  tWtf,,  Bd.  55. 
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analyfiiB.  For  most  pnrposee  it  is  sofficieQi  to  calculate  the  qnautit;  of 
carbon  in  the  nrine  from  the  qnantity  of  nitrogen  accorditig  to  the  rehition- 
Bhip  N  :  C  =  1  :  0.(57  (PflOuer).  The  qnaatity  of  gaseous  curboo  dioxide 
eliminated  may  be  determined  by  meana  of  Pettenkofek's  roapinitioa 
apparatus,  or  by  other  metboda  as  described  in  the  preceding  chapter.  By 
ma Iti plying  the  quantity  of  carbon  dioxide  found  by  0.273  we  obtain  the 
quantity  of  carbon  eliminated  as  CO,.  If  we  compare  the  total  quantity  of 
carbon  eliminated  in  tarious  ways  with  the  carbon  contained  in  the  food 
we  obtain  some  idea  as  to  the  transformation  of  the  carbon  compounds.  If 
the  qnantity  of  carbon  in  the  food  is  greater  than  in  the  excreta,  then  the 
excess  is  deposited ;  while  if  the  reverse  be  the  caae  it  shows  a  corresponding 
lose  of  body  substance. 

The  nature  of  the  substances  here  deposited  or  lost,  whether  they  con- 
sist of  proteids,  fats,  or  carbohydrates,  is  learned  from  the  total  quantity  of 
nitrogen  of  the  excretions.  The  corresponding  quantity  of  proteids  may 
be  calculated  from  the  quantity  of  nitrogen,  and,  as  the  average  quantity 
of  carbon  in  the  proteids  is  known,  the  qnantity  of  carbon  which  corre- 
sponds to  the  decomposed  proteids  may  be  easily  ascertained.  If  the 
quantity  of  carbon  thus  found  is  smaller  than  the  quantity  of  the  total 
carbon  in  the  excreta,  it  is  then  obvious  that  some  other  nitrogen-free  sub- 
stance has  been  consumed  besides  the  proteids.  If  the  quantity  of  carbon 
in  the  proteids  is  considered  in  round  numbers  as  513^,'  then  the  relation 
between  carbon  (o3)  and  nitrogeu  (IG)  is  as  3.3  :  1»  If  we  multiply  the 
total  quantity  of  nitrogen  eliminated  by  3.3,  the  excess  of  carbon  in  the 
eliminations  over  the  product  found  represents  the  carbon  of  the  decom- 
posed non-nitrogenous  compounds.  For  instance,  in  the  case  of  a  person 
experimented  upon,  10  grms.  nitrogen  and  200  grma,  carbon  were  elimi- 
nated in  the  course  of  24  hours;  then  these  G2,5  grma,  proteid  correspond 
to  33  grms.  carbon,  and  the  difference,  200  —  (3.3  X  10)  ==  1G7,  represents 
the  qnantity  of  carbon  in  the  decomposed  non-nitrogenous  compounds.  If 
we  start  from  the  simplest  case,  starvation,  where  the  body  lives  at  the 
expense  of  its  own  substance,  then,  since  the  quantity  of  carbohydrates  as 
compared  with  the  fata  of  the  body  is  extremely  small,  in  audi  cases  in  order 
to  avoid  mistakes  the  assumption  must  be  made  that  the  person  experi- 
mented upon  has  used  only  fat  and  proteids.  As  animal  fat  contains  on  an 
average  70*5^  carbon,  the  quantity  of  transformed  fat  may  be  calcolated  by 

multiplying  the  carbon  by  ^;-r^  =  L3*     In  the  case  of  the  above  example 

the  person  experimented  upon  would  hav'e  need  62.5  grms.  proteids  and 
167  X  1,3  —  217  grms.  fat  of  his  own  body  in  the  course  of  the  24  boars. 
Starting  from  the  nitrogen  balance,  we  can  calculate  in  the  same  way 
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whether  an  ezcesa  of  carhon  in  the  food  as  compared  with  the  qoantitjoJ 
carbon  in  the  excreta  is  retained  l>y  the  body  as  proteids  or  fat  or  as  both. 
On  the  other  hand,  with  an  excesa  of  carbon  in  the  excreta  we  can  calculil 
how  niiicli  of  tlie  loss  of  the  substance  of  the  body  is  due  to  a  consom 
of  the  proteids  or  of  fat  or  of  both. 

The  quantity  of  water  and  mineral  bodies  voided  with  the  nrino  kqI 
faeces  can  easily  be  determined.  The  quantity  of  water  eliminated  by  the 
skin  and  Innga  may  be  directly  determined  by  means  of  Pettenkofer's 
apparatus.  The  quantity  of  oxygen  taken  np  is  calculated  as  the  dilTereDOft 
between  the  weight  of  the  indiTidual  before  the  experiment  phxs  aD  tbe 
directly  determined  snbstances  taken  in,  and  the  final  weight  of  the  indi* 
vidnal  plus  all  his  excreta. 

The  oxygen  may,  according  to  the  methods  given  in  the  precediof; 
chapter,  he  directly  determined,  and  Buch  a  determination  with  the  simal- 
taneoos  estimation  of  the  carbon  dioxide  eliminated  is  of  great  importance 
in  the  study  of  metaholiam. 

On  comparing  the  inspired  and  the  expired  air  we  learn,  on  measariiig 
them  when  dry  and  at  the  same  temperature  and  pressure^  that  the  volume 
of  the  expired  air  is  lesa  than  that  of  the  inspired  air.  This  depends  upon 
the  fact  that  not  all  of  the  oxygen  appears  again  in  the  expired  air  86 
carbon  dioxide,  because  it  is  not  only  used  in  the  oxidation  of  carbon,  hot 
also  in  part  in  the  formation  of  water,  sulphuric  acid,  and  other  bodies. 
The  volume  of  expired  carbon  dioxide  is  regularly  less  than  the  volume  of 

CO 

the  inspired  oxygen,  and  the  relation  -y%  which  is  called  the  res^nraierf 

quotient^  is  generally  less  than  1, 

The  magnitude  of  the  respiratory  quotient  is  dependent  upon  the  kind 
ol  flulistances  destroyed  in  the  body.  In  tbe  combos tion  of  pure  carbon 
one  volume  of  oxygen  yields  one  volame  of  carbon  dioxide,  and  the  quotient 
is  therefore  equal  to  1,  The  same  is  true  in  the  burning  of  carbohydrates, 
and  in  the  exclusive  decomposition  of  carhohydrates  in  the  animal  body  the 
respiratory  quotient  must  be  approximately  1.  In  exclusive  metabolism  of 
proteids  it  is  0.73,  and  with  the  decomposition  of  fat  it  is  0.7.  In  starva- 
tion, as  the  animal  draws  on  its  own  flesh  and  fat,  the  respiratory  quotient 
must  be  a  close  approach  to  the  latter  figure.  The  respiratory  qaotient 
therefore  gives  important  data  on  the  quality  of  the  material  decom- 
posed in  the  body,  naturally  with  the  supposition  that  the  elimination 
of  carbon  dioxide,  independent  of  the  formation  of  carbon  dioxide,  ia  not 
inflnenced  by  special  conditions,  soch  as  alternation  of  the  respiratory 
mechanism. 

It  is  also  possible  in  systematized  experimentation  to  carry  on  the 
metabolism  experiments  so  that  the  decomposable  material  of  the  body,  aa 
shown  by  the  respiratory  qaotient,  remains  qualitatively  the  eame,  at  i 
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[tor  a  short  time.  In  sticli  experiments  it  has  been  sliown,  especially  by 
^trxTz  and  his  pnpils,^  that  the  extent  of  oxygen  consumption  may  be  takea 
*a  a  measure  for  the  action  of  different  ialliiences  on  the  extent  of  meta- 
bolism. This  possibility  is  based  on  the  fact  proved  by  Pfluger  and  his 
Papila,  and  by  Voit,*  that  the  consumption  of  oxygen  within  wide  limits  is 
iodependent  of  the  supply  of  oxygen,  and  is  exclusively  dependent  iipon 
the  oxygen  demand  of  the  tisanea.  For  certain  reasons  the  consumption  of 
oxygen  givea  indeed  a  better  conchision  than  the  elimination  of  carbon 
dioxide  as  to  the  extent  of  exchange  of  material  and  energy;  but  as  the 
same  qnantity  of  oxygen  (100  grms,)  consumes  different  quantities  of  fat> 
carbohydrates,  and  proteids  in  the  body — namely,  35,  84.4,  and  74.4  grms, 
respectively — the  respiratory  quotient  must  also  be  determined,  in  order  to 
ascertain  the  nature  of  the  substance  burnt  in  the  body»  eimultatieoufily  with 
the  determination  of  the  carbon  dioxide. 

Ab  the  difFerent  foods  require  different  amounts  of  oxygen  iu  llie  combustion  of 
cacli  gmm  of  BubstaDCi!  ami  yield  iliffereui  ariioniits  of  COa  ♦  eacU  ^mui  of  oxygen 
tukf^Q  up  and  eiich  grnm  'if  carfjou  io  the  expired  uir  as  curlwu  dioxide  must  correspond 
to  different  heul-vafuea      This  folio wa  from  llie  following  table: 

Oftloriflii  Caloriti« 

perjtrm,  C  RHlatlve  pergma.  RetAtlvo 

Id  ihi^  CO||  of  Value.  OonRumed  VaJae, 

the  Ex  pi  red  A I  r.  Oxygen . 

In  Ihcconabustion  of  cane  sugar, ». ...        9.5  100            8.56  118.6 

'*    '*            *•           '*  meal 10.2  -107            3.00  100.0 

"    •*            ••           "fat 12.8  120            3.37  109,0 

The  figures  for  the  oxygen  differ,  as  above  seen,  less  than  ttiose  for  tbe  carbon,  and 
tliifl  b  tbe  reasou  wliy,  ob  aliove  stated,  tbc  oxygen  con^iniipliaii  gives  a  much  mure 
correct  conclusion  as  to  tbe  exebaiige  of  force  ihau  the  eHniinatioii  of  airbon  dioxide.' 

Kaufmakn  '  encloses  the  individual  to  be  experiDieiibed  npon  in  a  capa- 
cioas  tin  box,  which  eerves  both  as  a  respiration -chamber  and  a  calorimeter, 
and  which  permita  of  the  estimation  of  the  nitrogen  of  the  urine  and  the  car- 
bon dioxide  expired,  as  well  as  the  inspired  oxygen  and  the  quantity  of  heat 
prodaced.  If  we  start  from  the  theoretically  calculated  fominla?  for  the 
rarioafl  possible  transformations  of  the  proteids,  fats,  and  carbohydrates  in 
the  body,  it  is  clear  that  other  values  mast  be  obtained  for  the  lieat,  carbon 
dioxide,  oxygen,  and  nitrogen  of  the  urine,  when  we,  for  example,  admit  of 
a  complete  combastion  of  proteids  to  urea,  carbon  dioxide,  aud  water,  or 
when  we  admit  of  a  partial  splitting  off  of  fat*  Another  relationship 
between  heat,  carbon  dioxide,  and  oxygen  is  also  to  be  expected  when  the 
fat  is  completely  burnt  or  when  it  is  decomposed  into  sugar,  carbon  dioxide, 
and  water.  In  this  way,  by  a  comparison  of  the  values  found  in  special 
cases  with  the  fignrea  calcnlated  for  the  varioiig  transformatioufl,  Kaufmank" 

I*  Sec  foot-note  4,  page  544. 
•PflDger,  PflDger'fl  Arcb.,  Bdd.  6,  10,  ii.  14;  Finkler,  ibid.,  Bd.  10;  Fuakler  and 
•Oertmann,  ibid.,  Bd.  14  ;  Voit,  Zeitscbr.  f,  BJologie,  Bdd,  11  and  14. 
»  See  Ad.  Magnus-Levy,  Pflllger's  Arch.,  Bd.  55,  S.  7. 
*  Arch.  d.  Pbyslologie  (5).  Tome  8. 
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attempts  to  explain  tbe  various  decompoBition  processes  in  the  body  andei 
different  nutritive  conditions. 


It  Potential  Energy  and  the  Relative  Nutritive  Value 
i>f  Various  Organic  Foodstuffs, 

With  the  organic  foods  tbe  organism  receires  a  supply  of  potentiBl 
energy  whicli  is  converted  into  living  force  in  the  body*  This  potentiil 
energy  of  tbe  virions  foods  may  be  represented  by  the  amount  of  heifi 
which  is  set  free  in  their  conibostion.  This  quantity  of  heat  is  expressed 
as  calories,  and  a  small  calorie  is  the  quantity  of  heat  necessary  to  warm 
1  grm.  water  from  0''  to  1°  C.  A  large  calorie  is  the  quantity  of  hem 
necessary  to  vvarm  1  kilo  water  1**  C.  Here  and  in  the  following  pages  large 
calories  are  to  be  understood.  We  have  numerous  investigations  by  differ- 
ent experimenters,  such  as  Franklan^d,  Daxilewski,  Rubxer,  Bebthi* 
LOT,  Stohmann,  and  others,  on  tbe  calorific  value  of  different  foods.  Tb« 
following  results,  whicli  represent  the  calorific  value  of  a  few  natritiT« 
bodies  on  complete  combnstion  outside  of  the  body  to  the  highest  oxidatiou 
prodactS)  are  taken  from  Stohmakk's  '  latest  work. 

Cftlorfes, 

Casein 5.96 

Ovalbuiiiia  . .  * 5.74 

Conglu tin ^M 

Prnit^id  (average). 5.71 

Atiimai  tissue-fat 9.50 

Biiuer  fut ©.23 

Cun  e-sugar 8.D6 

LiHCtuse .«...., « 8.95 

Dextrose 8.74 

Starch Clfi 

Pat  and  carbohydrates  are  completely  burnt  in  the  body,  and  we  cas 
therefore  consider  their  combustion  equivalent  as  a  measure  of  the  living, 
force  developed  by  them  within  the  organism.     We  generally  designate  I 
and  4.1  calories  for  each  grm.  of  substance  as  the  average  for  the  physio 
logical  calorific  value  of  fats  and  carbohydrates  respectively. 

The  proteids  act  differently  from  the  fats  and  carbohydrates.     They  are! 
only  irjconi})letely  burnt,  and  they  yield  certain  decomposition  products,] 
which,  leaving  the  body  with  the  excreta,  still  represent  a  certain  quantit 
of  potential  energy  which  is  lost  to  the  body.     The  heat  of  combustion  i 
the  proteids  is  smaller  within  the  organism  than  outside  of  it,  and  the| 
must  therefore  be  specially  determined.     For  this  purpose  RrnxKR*  fed  i 
dog  on  washed  meat,  and  he  subtracted  from  tlie  heat  of  comhnsiiuu  of  the 
food  the  heat  of  combustion  of  the  urine  and  ffecea,  which  corresponded 

'  See  Kulioer,  Zeitsc!ir.  f.  Biologic,  Bd.  21,  which  also  citt's  tbe  works  of  Fmuklft 
!ind  Danilewski;  see  also  Berthelot,  CompU  reod..  Tomes  102,  104»  and  110;  Slobmaaa 
Zeiuclir.  f.  Biologie.  Bd.  31. 

•  Zeltscbr.  I,  Biologie,  Bd.  21. 
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the  food  taken  plus  the  qnaotity  of  heat  necessary  for  the  Bwellrug  np  of 
the  proteids  and  the  solution  of  the  nrea.  Hubxek  has  also  tried  to  deter- 
mine the  heat  of  combustioo  of  the  proteids  (inuacle-proteide)  decomposed 
in  the  body  of  rabbits  in  atarvation.  According  to  these  investigations,  the 
physiological  heat  of  eombnstion  in  calories  for  each  gramme  of  substance 
is  as  follows: 

1  ^rm.  ot  thi^  Dry  Substuio*.  Calorim. 

Proteids  f roQi  meat *«.»,«*.*«. 4.4 

Muscle, . .  ... »*...... 4.0 

Proidda  in  slarvalion  .,....., « ,  8.6 

Flit  (ftverftge  for  various  fate)  . . ,  * 9.3 

Carbohydrates  (calculated  average). 4. 1 

The  physiological  combustion  value  of  the  various  foods  belonging  to 
the  same  group  is  not  quite  the  same.  It  is,  for  instance,  3.07  calories  for 
a  vegetable  proteid,  conglutin,  and  4.42  calories  for  an  animal  proteid 
body,  gyntonin.  According  to  Rl'Iineii  we  may  consider  the  normal  heat 
value  per  1  grm.  of  animal  proteid  as  4.23  calories,  and  of  vegetable  proteid 
as  3*90  calories.  When  a  person  on  a  mixed  diet  takes  abont  00^  of  the 
proteids  from  animal  foods  and  about  40<^  from  vegetable  foods,  we  may 
consider  the  value  of  1  grm.  of  the  proteid  of  the  food  as  about  4.1  calories. 
The  physiological  value  of  each  of  the  three  chief  groups  of  organic  foods, 
by  their  decomposition  in  the  body,  is  in  round  numbers  as  follows: 

C&tories. 

1  grm.  proteid  ...,.*.... 4.1 

1      *     fai .* d.8 

1     • '     carbohydrate 4. 1 

As  will  be  sliown,  the  fats  and  carbohydrates  may  decrease  the  meta* 
holism  of  proteids  in  the  body,  while,  on  the  other  hand,  the  quantity  of 
proteids  in  the  body  or  in  the  food  acts  on  the  metabolism  of  fat  in  the 
body.  In  physiological  combustion  the  various  foods  may  replace  one 
another  to  a  certain  extent,  and  it  is  therefore  important  to  know  the 
ratio  of  replacement.  The  investigations  made  by  Rubnhr  have  taught 
that  this,  if  it  relates  to  the  force  and  heat  production  in  the  animal 
body,  is  a  proportion  that  correapondB  with  the  figures  of  the  heat  valae 
of  the  same.  This  is  apparent  from  the  following  table*  In  this  we 
find  the  weight  of  the  various  foods  equal  to  100  grms,  fat,  a  part  deter- 
mined from  experiments  on  animals  and  a  part  calculated  from  figures  of 
the  heat  values. 

Table  I. 
100  grma.  fat  are  equal  to  or  tsodyDamic  with  . 

From  Elirperimenta  From  the  DlfferencM, 

on  Animals,  Hent  Value.  per  cent, 

Synlonin,. 2S5  313  +5,6 

Mu^clc-tle«h  (dried) 948  28J$  +43 

Starch 889  2S9  +  1,3 

Cttiie-giigar • ,.*.  284  285  -0 

Grape^ugur , 206  255  —0 
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From  tlie  given  iiodynamic  value  of  the  various  foods  it  followgthat 
these  subsfcances  replace  one  another  in  the  body  almost  in  exact  ratio  to 
the  potential  energy  contained  in  them.  Thas  in  round  nnmbera  %X{ 
grms*  proteid  and  carbohydrate  are  eqoal  to  or  isodynamic  with  100  gnna. 
fat  in  regard  to  aoiirce  of  energy,  because  each  yields  930  calories  on  com- 
bustion in  the  body. 

By  means  of  recent  very  important  calorimetric  investigations  RtrBKKE* 
has  shown  that  the  heat  produced  in  an  animal  in  several  series  of  ex- 
periments extending  over  45  days  corresponded  to  within  0.4T^  of  thd 
pliysiological  heat  of  combustion  calculated  from  the  decomposed  body  and 
foods. 

Accordtug  to  CnAcrvEAfi  ihe  raibobydrftles  aad  Ibe  fat,  in  working  animals,  donol 
replace  one  another  according  to  the  Isocalorlc  valuet ;  but,  as  shown  by  Zonz.*  llw 
experiment*  on  this  »uliject  are  not  sufficiently  conclusive.  i 

This  isodynamic  taw  is  of  fundamental  value  in  the  study  of  metabolism 
and  nutrition.  By  this  law  it  is  possible  to  consider  the  processes  of  meta- 
bolism as  more  uniform.  The  quantity  of  energy  in  the  foods  may  be  used 
as  a  measure  for  the  total  consumption  of  energy,  and  the  knowledge  of  the 
quantity  of  energy  In  the  foods  must  also  be  the  basis  for  the  caJcalation  of 
dietaries  for  human  beings  under  various  conditions. 

II.  Metabolism  in  Starvatiaii. 

In  starvation  the  decomposition  in  the  body  continues  unintermptedly, 
though  with  decreased  intensity;  but,  as  it  takes  place  at  the  expense  of 
the  substance  of  the  body,  it  can  only  continue  for  a  limited  time.  When 
an  animal  has  lost  a  certain  fraction  of  the  mass  of  the  body  death  is  the 
result.  This  fraction  varies  with  the  condition  of  the  body  at  the  beginning 
of  the  starvation  period.  Fat  animals  euccnmb  when  the  weight  of  the 
body  has  sunk  to  one  half  of  the  original  weight.  Otherwise,  according  to 
Chossat,*  animals  die  as  a  rule  when  the  weight  of  the  body  has  sunk  to 
two  fifths  of  the  original  weight.  The  period  when  death  occurs  from 
starvation  not  only  varies  with  the  varied  nutritive  condition  at  the  begin- 
ning of  starvation,  but  also  with  the  more  or  less  active  exchange  of 
material.  This  is  more  active  in  small  and  young  aaimals  than  in  large 
and  older  ones,  but  different  classes  of  animals  show  an  unequal  activity^ 
Children  succumb  in  starvation  in  S^-S  days  after  having  lost  one  fourth  of 
their  bodily  mass.  Grown  persons,  as  observed  on  Succi,*  may  starve  for 
20  days  withoat  lasting  injury;  and  we  have  reports  of  cases  of  atarvation , 


»  Ziltftchr.  f.  Biologic,  Bd.  30. 

*  Chaiiveau,  Compt.  rend.,  Tome  125  ;  Zunlz,  Du  Boie-Reymond'a  Arch.,  18118. 

'  Cited  from  Voit  in  Hermann's  Hnndbuch,  B(L  6,  Thl.  1,  8.  100. 

^  Bee  Lucianl,  Dai  Hungern.    H&mburg  u.  Leipzig,  1890. 
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extending  over  a  period  of  even  more  than  50  daya.     Dogg  can  lire  without 

food  from  4—8  weeks,  birda  5-20  days,  snakes  more  than  half  a  year,  and 
frogs  more  than  a  year. 

In  starvation  the  weight  of  the  body  decreases.  The  loss  of  weight  ia 
greatest  in  the  first  few  days,  and  then  decreases  rather  nniformly.  In 
small  animals  the  absolnta  loss  of  weight  per  day  is  naturally  less  than 
in  larger  animals.  The  relative  loss  of  weight— that  is,  the  loss  of  weight 
of  the  nnit  of  the  weight  of  the  body,  namely,  1  kilo — is,  on  the  contrary, 
greater  in  small  animals  than  in  larger  ones.  The  reason  for  this  is  that 
the  smaller  animals  have  a  greater  surface  of  body  in  proportion  to  their 
mass  than  larger  animals,  and  the  greater  loss  of  heat  cansed  thereby  must 
be  replaced  by  a  more  active  consumption  of  material. 

It  follows  from  the  decrease  in  the  weight  of  the  body  that  the  absolute 
eitent  of  metabolism  most  diminish  in  starvation.  If,  on  the  contrary,  we 
refer  the  eitent  of  the  metabolism  to  the  nnit  of  the  weight  of  the  body, 
namely,  1  kilo,  we  find  that  this  quantity  remains  nearly  unchanged  during 
starvation.  The  investigations  of  Zcntz,  Lehmann,  and  others  ^  on  Cetti 
showed  on  the  3d  to  6th  day  of  starvation  an  average  conanmption  of  4. fi5 
e.c.  oxygen  per  kilo  in  one  miDute,  and  on  the  9th  to  11th  day  an  average  of 
4.73  c.c.  The  calories,  as  a  measure  of  the  metabolism,  fell  on  the  1st  to  5th 
day  of  starvation  from  1850  to  ItJOO  calories,  or  from  32.4  to  30  |>er  kilo,  and 
he  remained  nearly  unchangeJ,  if  we  refer  to  the  nnit  of  bodily  weight.* 

Ae  the  metabolism  in  starvation  takes  place  at  the  expense  of  the  con- 
st itnents  of  the  body,  it  must  take  place  in  essentially  the  same  way  in  both 
carnivora  and  herbivora.  As  the  food  of  the  herhivora  is  ordinarily  richer 
in  carbohydrates  and  non-nitrogenoos  notritive  bodies  than  that  of  tlie 
carnivora,  so  in  starvation  the  body  of  the  herbivora  becomes  relatively 
richer  in  profceids.  On  this  account  the  elimination  of  nitrogen  is  increased 
in  herbivora  in  the  first  part  of  the  period  of  starvation.  In  carnivora  the 
elimination  of  nitrogen  decreases,  as  a  rule,  immediately  at  the  begiunirg 
of  the  starvation  period,  and  in  the  later  stages  only  small  quantities  of 
nitrogen  are  voided  by  herbivora  as  well  as  by  carnivora. 

This  increase  may  be  explaiued  ^Phausnitz,  Tiqer^^tedt  *)  as  follows :  At  the  corn- 
so  cement   of  i^tJirvatioa   the   proieid   melabolism  ia  reduced  by  tbe  glvcogen  slill 
present  in  tbe  binly.    After  the  cousiiraptioii  of  the  fflycogei],  wblcb  takes  place  in  great 


meo cement   of  i^t^irvatioa  the   proleid   melabolism   ia  reduced   by  tbe  glvcogen  slill 

ifflycogej],  wblcb  takes  pW 
part  during  the  first  days  of  Btarvailoii,  tbe  defltnicti(»n  of  proteida  increases  as  tbe  gly- 


cogen action  decreases,  and  tkcn  decreases  agaia  wben  the  b<>dy  baa  become  poorer  ia 
Availabic  proteids. 

The  extent  of  the  metabolism  ofproieids,  or  tbe  elimination  of  nitrogen 

by  the  nrine,  which  is  a  measure  of  the  same,  does  not  show  in  carnivora 

any  nniform  decrease  during  the  entire  period  of  starvation.     During  the 


»  Berlin,  kiln.  WocbtiiBcbr. .  1887. 

*  See  als4>  Tigerstetlt  and  collaborators  in  Skand.  Arclt  f.  PhysioL,  Bd*  7. 

•  Prauanitz^  Zeilscbn  f.  Biologic,  Bd.  29 ,  Tigersledt  and  coUaboratora,  1,  c. 
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first  few  days  the  eliminatioti  of  nitrogen  is  greatest,  and  the  quantilyot 
the  same  depends  essentially  npon  the  amoctnt  of  proteids  in  the  organisin 
and  tlie  nature  of  the  food  prtjviou&lj  taken.     The  richer  the  body  is  in 
proteids  from  the  food  previoasly  taken  the  greater  is  the  metabolism  of 
proteids^  or,  in  other  words,  the  elimination  of  nitrogen  is  greater  during 
the  first  days  of  starvation.     The  rapidity  with  which  the  elimi nation  d 
nitrogen  decreases  in  the  first  days  depends  also,  according  to  VoiT,  upott 
the  proteid  condition  of  the  body.     It  decreases  more  qnickly — that  ia,  thft 
curve  of  the  decrease  is  more  endden— the  first  days  of  starvation,  as  a  rule, 
the  richer  in  proteids  the  food  was  winch  was  taken  before  starTatioo. 
This  condition   is  apparent  from   the   following   table   of   data   of  thm 
different  starvation  experiments  made  by  Voir'  on  the  same  dog.    This 
dog  received  *2500  grms.  meat  daily  before  the  first  series  of  experiments, 
1500  grms.  meat  daily  before  the  second  series,  and  a  mixed  diet  relatiidj 
poor  in  nitrogen  before  the  third  series. 

Tablk  II. 

rk.»  »f  e*.».»i^n  Gritniines  of  Urea  EllmliiAt«d  in  Twealj-four  Boun. 

Day  or  siarvftUon,  j^^  j  Ser.  11.  8e4'.  HI. 

l8t 60,1  26.5  18.S 

2d 24.^  18,»  11.5 

3d.. 19.1  16w7  10.8 

4tb. * J7.8  14.g  12.2 

5tli... 123  14.8  12.1 

rah 18.3  12.a  12.6 

7tb. 12.5  12.«  11.8 

8lU,. 10.1  124  10.7 

Other  conditions,  snch  as  varying  qaantlties  of  fat  in  the  body,  have  aal 
influence  on  the  rapidity  with  which  the  nitrogen  is  eliminated  during  the' 
first  days  of  starvation.  After  the  first  few  days  the  elimination  of 
nitrogen,  tvs  is  seen  in  the  above  table,  is  more  nniform,  and  as  tiie  starva- 
tion  proceeds  it  decreases  as  a  rule  very  slowly  and  nniformly.  Caaes  ako 
occnr  in  which  the  elimination  of  nitrogen  becomes  constant  in  these  8lageB^ 
and  towards  the  end,  indeed,  the  elimination  of  nitrogen  increases.  Thit 
so-called  antC'mQrtem  increase  always  occurs  as  soon  as  the  adiprjse  tissue  in 
the  body  has  sunk  to  a  certain  point,  and  it  also  depends  on  the  fact  that 
as  soon  as  the  fat  is  consumed  a  corresponding  increase  in  the  decomposition 
of  proteids  is  necessary  for  tlie  generation  of  heat  as  well  as  of  other  forms 
of  living  force. 

Besides  the  proteids,  the  fat  occurring  in  the  body  is  also  decomposed 
in  starvation.  Since  fat  has  a  diminishing  in^aence  on  the  destruction  of 
proteids  (see  further  on),  the  elimination  of  nitrogen  in  starvation  is  leas  ia 
fat  than  in  lean  individuals.  For  instance,  only  9  grms.  of  urea  were 
voided  in  24  hours  during  the  later  stages  of  starvation  by  a  well-noDrisbed 
and  fat  person  suffering  from  disease  of  the  brain,  while  L  Munk  found 

■  Pbyslol  des  StofEwecbflela,  etc.,  ia  Hermann  §  Hotidbucb,  Bd.  6,  Tiih  1,  S.  %^. 
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that  20-29  gnns.  urea  were  voided  daily  by  Cetti/  who  had  been  poorly 

flourished. 
L^        Like  tlie  destruction  of  proteida  during  starvation^  the  decompas^itioji 
^m^X  fat  proceeds  uninterruptedly,  but  does  not  show  so  great  and  rapid  a 

decrease  in  the  first  days  of  Btarvaiion  as  the  proteids.     Pettenkofer  and 

VoiT  found,  for  instance,  in  a  starTing  dog  the  following  losBes  of  proteid* 

and  fat  from  the  body  on  diferent  days  of  starvation: 

I  Table  III 

rw^  LoM  of  Lois  of 

"*^-  Fliifih.       C*kui€6*  Fat,  CaloH««. 

K        dd ..841  21)7.3  ee  790.6 

■         5tli 187  145  6  108  057.0 

■         8th 138  120.1  99  920,7 

The  consumption  of  fat  on  the  second  day,  when  the  decomposition  of 
proteids  was  considerable,  was  in  fact  less  than  in  the  following  days.  The 
reason  for  this  was  that  the  animal  had  previoQsly  been  fed  with  abundant 
qaantities  of  meat  (2500  grms,).  If  the  exchange  is  expressed  as  calories 
we  find  for  the  iifth  and  eighth  days  of  starvation  that  13.2^  and  1L5^ 
respectively  of  the  total  calories  were  covered  by  the  decomposition  of  pro* 
teids,  and  80,8;^  and  S8*5'?i  by  the  decompoBition  of  fat.  Other  observations 
on  animals  as  well  as  man  have  led  to  a  simikr  result,  and  we  can  ossuwio 
that  in  starvation  ordinarily  the  greatest  part  of  the  expenditure  is  replaced 

kby  the  decomposition  of  fat,  and  only  a  small  part  by  the  decomposition  of 
proteids. 
The  investigations  on  the  exchange  of  gas  in  starvation  have  shown,  as 
previously  mentioned,  that  the  absolote  extent  of  the  same  is  diminished^ 
but  that  wlien  the  consumption  of  oxygen  and  elimination  of  carbon 
dioxide  is  calculated  on  the  unit  of  weight  of  the  body,  1  kilo,  this  quantity 
qnickly  sinks  to  a  minimum  and  tlien  remains  unchanged,  or,  on  the  con- 
tinnation  of  the  starvation,  may  actually  rise.  It  is  a  generally  known  fact 
that  the  body  temperature  of  starving  animals  remains  nearly  constant, 
without  showing  any  appreciable  decrease,  during  the  greater  part  of  the 
starvation  period*  The  temperature  of  tlie  animal  first  sinks  a  few  days 
before  death,  and  death  occurs  at  about  33-30**  C, 

■        From  what  has  been  said  about  the  respiratory  quotient  it  follows  that  in 
starvation  it  is  about  the  same  as  with  fat  and  meat  exclusively  as  food,  i.e., 
approximately  0.7.    Tins  is  often  the  case,  but  it  may  occasionally  l>e  lower, 
I  0.65-0.50,  as  observed  in  the  cases  of  Cetti  and  Succi.     As  explanation 


»  L.  c, 

'  The  calories  of  the  derotii poised  proteids  were  calculated  by  the  author,  assuming 

[  ihe  flesh  cuiitaius  ZA%  nitrogen  aa  piot«ida. 
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for  tills  unexpected  beharior  we  admit  of  a  storage  of  incompletely  oxidized 
substanceB  in  the  body  during  starvation* 

Water  passes  uninterruptedly  from  the  bodj  in  starvation  even  ifbti 
none  ia  taken.  If  the  quaotity  of  water  in  the  tissnes  rich  in  proteids  ii 
considered  as  70-80?^,  and  the  quantity  of  proteids  in  the  same  SOjt,  then 
for  each  gramme  of  destroyed  proteids  about  4  grammes  of  water  is  set  free. 

The  loss  of  wiiter  calculated  ou  the  |>erceiiUige  of  Ihe  total  orgiiuisra  must  uatutillf 
be  esaendttlly  depetidenl  upoa  tlie  previous  litnomit  of  fatly  tissue  in  ihe  body.    Ific 
b«ar  tbese  condillons  in  minii,  thiiii  \i  seems,  according  to  B5htlinok,'  tbat,  f rom  «i* 
perlmenis  upuu  wbitti  mlce»  tlie  atiiaial  budy  is  poorer  iu  water  duriog  iQaiiIUoD»    TU  , 
body  loses  ntc^re  water  iliao  ia  set  free  by  the  destruction  of  Ibe  tissues. 

The  mineral  substances  leave  the  body  uninterruptedly  in  starvation 
until  death,  and  the  inJluence  of  the  destraction  of  tissues  is  plainly  per- 
ceptible by  their  elimination*  Because  of  the  destruction  of  tissues  richial 
potassium  the  proportion  between  potassinm  and  sodiam  m  the  ttrioe 
changes  in  starvation,  so  that,  contmry  to  the  normal  conditions,  the 
potassium  is  eliminated  in  proportionately  greater  quantities.  Mckk  also 
observed  in  Cetti's'  case  a  relative  increase  in  the  phoephoric  acid  and 
calcitim  in  the  tirlne  during  starvation,  which  was  due  to  an  increased 
exchange  of  houe-stihstauce. 

Contrary  to  tlie  above,  Bohtlutok  found  iu  white  mice  during  starr*- 
tion  a  greater  elimination  of  sotlium  than  potassium*  Of  the  origiii&I 
quantity  43.40,1^  of  the  Na^O  and  8*41^  of  the  K,0  was  used.  KATscYAMi' 
foand  in  rabbits,  as  Bohtlingk  did  in  white  mice,  a  different  relationship 
between  potassiom  and  sodium  iu  the  nrine  from  that  observed  by  MnfS  _ 
in  starving  human  beings.  The  relationship  of  these  two  bases  in  the  unQi  i 
changes  in  the  first  3-8  days,  and  in  two  out  of  three  experiments  also  in 
the  following  days,  as  compared  with  the  first  two  days  of  starvation,  in 
favor  of  the  soda  eltmination. 

The  question  as  to  the  participation  of  the  different  organs  in  the  lott 
of  weight  of  the  body  dyring  starvation  is  of  special  interest.     In  elacidfj 
tion  ol  the  matter  we  have  given  on  the  next  page  the  res  alts  of  Chossat*! 
eiperimenta  on  pigeons,  and  those  of  VoiT*  on  a  male  cat.    The  resalts  i 
percentages  of  weight  lost  from  the  original  weight  of  the  organ* 

SEDLMAiE^haa  studied  the  diminution  in  the  organs,  but  especially  in 
the  bones  of  cats,  in  starvation.    He  found  in  a  cat  which  had  starved  36  day 
a  loss  of  about  1^^  in  the  bone-substance.     The  bones  in  starvation  becon 
somewhat  richer  in  water,  and  the  amount  of  dry  snbstanee  also  diminlshi 
taken  absolutely*     The  loss  in  dry  substance  consisted  in  greatest  part, 

^  Arch.  d.  scicDc.  blol.  de  St,  Pelersbourg,  Tome  6. 

*  Berlin,  klin.  WocheMchr.,  1887. 
■  Zeitachr.  f.  pbysiol  Chem.,  Bd,  26. 

*  Cited  from  Volt  in  Hermimn'B  Handbuch,  Bd.  6,  ThL  1»  S.  96  and  ^7. 

*  Zeiiaclir    f   Btt>logLe,  Bd.  37. 
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Tablb  IV. 

Piifeon  (CBo«aAT).  Kito  Cat  (VorrJ. 

Adipose  tUtue 93  per  ceuL  97  per  cent* 

Spleeu 71  "  e7 

Pnocreaa 64  '*  17 

Liver..**,. 62  ••  5i 

Heart 45  **  3       " 

Iiilenine .43  "  18       " 

Muscles 42  *'  81 

Testicles ~  40 

Skin 38  "  21 

Kidueys 32  **  2fl       '* 

Lungs 22  "  18       '* 

Bones 17  "  14       " 

Nervous  system  . . . . , .2  *'  3       •* 

in  fact  |-|  of  fat;  bat  the  other  conBtitnenta  also  take  part  therein,  ogeein 
with  ^^-\  and  the  bone-eartha  with  ^vi* 

The  total  quaotity  of  blood,  as  well  as  the  qnantity  of  eolida  contained 
therein,  decreases,  as  Paxcm  ^  has  shown,  in  the  same  proportion  aa  tbe 
weight  of  the  body.  The  statementa  in  regard  to  the  loss  of  water  by 
different  organs  are  somewhat  contradictory;  according  to  Lukjanow'  it 
seems  that  the  various  organs  act  somewhat  differently  in  this  respect. 

(The  above-tabulated  resalts  cannot  serve  as  a  measare  of  the  metabolism 
in  the  varions  organs  during  etarvation.  For  instance*  the  nervoDS  system 
ehowB  only  a  small  loss  of  weight  as  compared  with  the  other  organs,  bnt 
from  this  it  must  not  be  conchided  that  the  exchange  of  material  in  this 
system  of  organs  is  least  active.  The  condition  may  be  quite  difTerent;  for 
one  organ  may  derive  its  nutriment  during  starvation  from  some  other 
organ  and  exist  at  its  expense.  A  positive  conclusion  cannot  be  drawn  m 
regard  to  the  activity  of  the  metabolism  in  an  organ  from  the  loss  of  weight 
of  that  organ  in  starvation. 
I  The  knowledge  of  metabolism  during  ai^arvatjon  is  of  the  greatest  im- 
portance  in  the  study  of  nutrition,  and  it  forma  to  a  certain  extent  the 
starting-point  for  the  study  of  metabolism  under  different  physiological  and 
pathological  conditions.  To  answer  the  queation  whether  the  metabolism 
of  a  person  in  a  special  case  ia  abnormally  increased  or  diminiahed  it  is 
naturally  very  important  to  know  the  average  extent  of  metabolism  of  a 
healthy  person  under  the  same  circumatancea,  for  comparison.  Thia  quan- 
tity can  be  called  the  abstinent  valoe,  timt  is,  the  extent  of  metal^olism 
used  in  absolute  bodily  rest  and  inactivity  of  the  intestinal  tract.  As 
measure  of  this  quantity  we  determine^  according  to  Geppert-Zuntz,  the 
extent  of  gaseous  exchange,  and  especially  the  consmmption  of  oxygen,  of  a 
person  lying  down,  best  sleeping,  in  the  early  morning  and  at  least  12 
hoars   after  a   light   meal   not  rich  in  carbohydrates.     The  gaa  volume 

^  Panum.  Yirchow's  Arch.,  BcL  29;  LondoD,  Arcb.  d.  scienc.  Mol.  de  St,  Peiers- 
bourg,  Tome  4. 

'  Zeitschr.  f.  physioL  CUem.,  Bd.  13. 
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reduced  to  0°  C.  and  760  mm.  Hg  preesure  is  calcukt^d  oa  1  kilo  of  body 
weight  and  for  1  minute*  The  reflults  vary  between  3  and  4.5  for  the 
consumption  of  oxygen,  and  between  3.5  and  3.5  c.c.  for  the  carbon  dioxide. 
As  average  we  can  accept  3.81  c.c.  oxygen  and  3.08  c.c.  carbon  dioiide/ 

The  extent  of  proteid  destruction  cannot  be  determined  in  traofflent 
experiments,  and  for  these  reasona  only  the  yalnea  found  after  several  diji 
of  starvation  are  nseiuL  In  the  etarvation  experiments  on  Cetti  «id 
Succi  the  elimination  of  nitrogen  per  kilo  in  the  fifth  to  the  tenth  starri- 
tion  day  waa  0.150-0,202  grm.  N. 


III.  MetaboIiBm  ^th  Iiiadeqiiate  Nutrition. 

The  food  may  be  qnantitatively  inaufficient,  and  the  final  resnlt  is 
absolute  inanition.  The  food  may  also  be  qualitatively  insufficient  or,  is 
we  say,  inadequate.  This  occurs  when  any  of  the  necessary  nutritive  bodiei 
are  absent  in  the  food,  while  the  others  occur  in  sufficient  or  perhaps  e^en 
in  excessive  amounts. 

Lack  of  Water  ut  the  Fooch  The  quantity  of  water  in  the  organism  J 
is  greatest  daring  fujtal  life,  and  then  decreases  with  increasing  age* ' 
Naturally,  the  quantity  diilera  in  various  organs.  The  tissue  in  the  bodj 
being  poorest  in  water  is  the  enamel,  which  is  almost  free,  containing  onlf 
2  p.  m.  water,  the  teeth  about  100  p.  m.,  the  fatty  tissues  60-120  p.  id. 
The  bones,  with  140-440  p,  m.,  and  the  cartilage,  with  540-740  p.  m.,  an 
somewhat  richer  in  water,  while  the  muscles,  blood,  and  glands,  with  750  to 
more  than  800  p.  m,,  are  still  richer*  The  quantity  of  water  is  even  greater 
in  the  animal  fluids  (Bee  preceding  chapter),  and  the  adult  body  coh tains  ii 
all  about  630  p*  m*  water."  If  we  bear  in  raind  that  two  thirds  of  th« 
animal  organism  consists  of  water;  that  water  is  of  the  very  greatest  im* 
portance  in  the  normal,  phyBical  composition  of  the  tissnes;  moreover  that 
all  flow  of  juices,  all  exchange  of  substance,  all  supply  of  nutrition,  lU 
increase  or  destruction,  and  all  discharge  of  the  products  of  destruction,  are 
dependent  upon  the  presence  of  water;  and,  in  adilition,  that  by  its  evapora- 
tion it  is  an  important  regulator  of  the  temperature  of  the  body,  we  perceive 
that  water  muat  be  necessary  for  life.  If  the  loss  of  water  be  not  replaced 
by  fresh  supplies  sooner  or  later,  the  organism  Bnccumbs. 

According  lo  LAXi>AtrER  *  the  pariinl   abstraclion  of  water  causes  an  incr 
met'Jjolism,  ihe  purpose  of  wbich  is  lo  replace  some  of  ihe  nbstracled  water  by  wj 
produced  to  a  great  exiuiit  la  metiiboHHm. 

Luck  of  Mineral  Substances  in  the  Food.     We  are  chiefly  indebted 
LiEBiG  for  showing  that  the  mineral  substances  are  just  as  necessary 

'  These  ^gurca  are  takea  from  t.  Noorden's  Lehrbuch  der  Path,  dea  Stoilwecbscli^ 
8.94. 

*  8ee  Voil  In  Hermann's  Haodbuch,  Bd.  6.  Thl.  1.  B.  Wi, 
■Maly's  Jahresber.,  Bd.  24. 
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the  nonnal  compoeition  of  the  tiaaues  and  organs,  and  for  the  normal  course 
of  the  processes  of  life,  aa  the  organic  conatitnents  of  the  body.  The  im- 
portance of  the  mineral  constitaents  ia  evident  from  the  fact  that  there  ia 
no  animal  tisane  or  animal  tlnid  which  does  not  contain  mineral  substance, 
and  also  from  the  fact  that  certain  tissues  or  elements  of  tissues  contain 
regnlarly  certain  mineral  substances  and  not  others,  which  explains  the 
unequal  division  of  the  potassium  and  sodium  compounds  in  the  tissues  and 
Ealds.  With  the  exception  of  the  skeleton,  which  contains  about  220 
p.  tn,  mineral  bodies  (Volkmakn'),  the  animal  fluids  or  tiasuea  are  poor 
in  inorganic  constituents,  and  the  quantity  of  such  amonnts,  aa  a  role,  only 
to  about  10  p.  m.  Of  the  total  quantity  of  mineral  substances  in  the 
organism,  the  greatest  part  occurs  in  the  skeleton,  830  p.  m.,  and  the  next 
greatest  in  the  muscles,  abont  100  p.  m.  (Volkmann). 

The  mineral  bodies  seem  to  be  partly  dissolved  in  the  fluids  and  partly 
combined  with  organic  substfiuces.  In  accordance  with  thia  the  organism 
persistently  retains,  with  food  poor  in  salts,  a  part  of  the  mineral  sub- 
stances, also  such  as  are  soluble,  as  the  chlorides.  On  the  burning  of  the 
organic  substances  the  mineral  bodies  combined  therewith  are  set  free  and 
may  be  eliminated.  It  is  also  admitted  that  they  in  part  combine  with  the 
new  products  of  the  combuBtion,  and  in  part  with  organic  nutritive  bodies 
poor  in  salts  or  nearly  salt- free,  wliich  are  absorbed  from  the  intestinal 
canal  and  are  thus  retained  (VoiT,  Forstkr'). 

If  this  statement  be  correct,  it  is  possible  that  a  constant  supply  of 
mineral  substances  with  the  food  ia  not  absolutely  necessary,  and  that  the 
amount  of  inorganic  bodies  which  must  be  administered  is  insiguificaot. 
The  question  whether  this  be  so  or  not  has  not,  especially  in  man,  been 
sufficiently  investigated;  but  generally  we  consider  the  need  of  mineral 
substances  by  man  as  very  small.  It  may,  however,  be  assumed  that  man 
usually  takes  with  his  food  a  considerable  excess  of  mineral  substances. 

Experiments  to  determine  the  action  of  an  Insoflicient  supply  of  mineral 
Bubstances  with  the  food  in  animals  have  been  made  by  several  investigators, 
especially  Forster.  He  observed,  on  experimenting  with  dogs  and  pigeons 
with  food  as  poor  as  possible  in  mineral  substances,  a  very  suggestive  dis- 
turbance of  the  functions  of  the  organs,  particularly  the  muscles  and  the 
nervous  system,  and  death  resulted  in  a  short  time,  earlier  in  fact  than  in 
complete  starvation.  In  opposition  to  these  observations  Bunge  has  sug- 
gested tliat  the  early  death  in  these  cases  was  not  caused  by  the  lack  of 
mineral  salts,  but  more  likely  by  the  lack  of  bases  necessary  to  neutralize 
the  sulphuric  acid  formed  in  the  combnation  of  the  proteids  in  the  organism, 

»  Sco  Voit  ia  HermaoD*  Hmidbucb,  Bd.  0,  Tbl.  1,  8.  363. 

*  Forster,  Zeitschr.  f.  Bialogie.  Bd.  9.     See  also  Voil  iii  Hermaua's  Haodbucb,  Ed, 
e.  TLL  I.  S.  854. 
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which  mast  then  be  taken  from  the  tissaes.  In  accordance  with  this  Tiei, 
BuNQE  and  Lunin'  also  found,  in  experimenting  with  mice,  that  animali 
which  received  nearly  ash-free  food  with  the  addition  of  sodium  carboiuit* 
were  kept  alive  twice  as  long  aa  those  which  had  the  same  food  witboai 
the  sodium  carbonate.  Special  experimenta  also  show  that  the  carbonate 
cannot  be  replaced  by  an  equivalent  amount  of  sodium  chloride,  and  tbt 
to  all  appearances  it  acts  by  couibiuing  with  the  acids  formed  in  the  bodj. 
The  addition  of  alkali  carbonate  to  the  otherwise  nearly  aah-free  food  vm 
indeed  delay  death,  but  cannot  prevent  it,  and  even  in  the  presence  of 
the  necessary  amount  of  bases  death  results  for  lack  of  mineral  sabstanoes 
in  the  food. 

In  tlie  above  series  of  experimeota  made  by  Bunge  the  food  of  the  | 
animal  consisted  of  casein^  mi!k-fat,  and  cane-sugar.     While  milk  alone 
was  an  adequate  and  sufficient  food  for  the  animal,  Bunge  foond  that  the 
animal  could  not  be  kept  alive  longer  by  food  coiisisting  of  the  above  con- 
fititnents  of  milk  and  cane-sugar  with    the   addition  of   all  the  mineral 
aubBtancee  of  milk,  than  with  the  food  mentioned  in  the  above  experiments 
with  the  additiou  of  alkali  carbonate.     The  question  whether  this  resalt  is 
to  be  explained  by  the  fact  that  the  mineral  bodies  of  milk  are  chemicallj 
combined  with  the  organic  constituents  of  the  same  and  can  be  assimilated 
only  in  such  combinations,  or  whether  it  depends  on  other  conditions,  | 
BuNGE  leaves  undecided.     These  observations,  however,  show  how  difficnlt  \ 
it  is  to  draw  positive  conclusions  from  experiments  made  thus  far  with  food 
poor  in  salts*     Further  investigations  on  this  subject  seem  to  be  neceasaif. 

With  an  insntlicient  supply  of  chlorides  with  the  food  the  elimioatioQ -j 
of  chlorine  by  the  urine  decreases  constantly,  and  at  last  it  may  stop 
entirely,  wliile  the  tissues  still  persistently  retain  the  chlorides.  Theee  1 
are,  at  least  in  part,  combined  in  the  body  with  the  organic  sabetaac 
which  retain  them.  If  there  be  a  lack  of  sodium  as  compared  with  poti 
Slum,  or  if  there  be  an  excess  of  potassium  compounds  in  any  other  form" 
than  KCl,  the  potasdium  combiuationa  are  replaced  in  the  organism  \% 
NaCl,  so  that  new  potassium  and  sodium  compounds  are  produced  whic 
are  voided  with  the  urine.  The  organism  becomes  poorer  in  NaCl,  whi( 
therefore  must  be  taken  in  greater  amounts  from  the  ontside  (BukgbI 
This  occurs  habitually  in  herbivora,  and  in  man  with  vegetable  food  rich  il 
potash.  For  human  beings,  and  especially  for  the  poorer  classes  of  peop 
who  live  chiefly  on  potatoes  aud  foods  rich  in  potash,  common  nit  il? 
under  these  circumstances,  not  only  a  condiment,  bat  a  necessary  addition 
to  the  food  (B^nge"), 


*  Bimge,  Lebrbuch  der  pbysiol  Chem.,  4.  Aufl^i  S.  ©7;  Luaia,  Zeiuchr,  f.  pb^i 
Chem-,  Bd,  5. 

*  ZtjilacUr.  f.  Biologic,  Bd.  9. 
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Lack  of  Alkali  Carbonates  or  Bases  in  the  Food,  The  chemical 
proceaaes  iii  the  organifim  are  dependent  upon  the  presence  of  alkaline- 
reacting  tisaiie-liuids,  whose  alkaline  reaction  is  due  to  alkali  carbonates. 
The  alkali  carbonatea  are  also  of  great  importance  not  only  as  a  solvent  fur 
certain  proteid  bodies  and  as  coustitnenbs  of  certain  secretionSi  snch  as  the 
pancreatic  and  intestinal  juices,  bat  they  are  also  a  means  of  transportation 
of  the  carbon  dioxide  in  the  blood.  It  is  therefore  easy  to  understand  that 
a  decrease  below  a  certain  point  in  the  quantity  of  alkali  carbonate  must 
endanger  life.  Such  a  decrease  not  only  occurs  with  lack  of  bases  in  the 
food  which  accelerates  death  by  a  rehitively  great  production  of  acids  through 
the  burning  of  the  proteids,  but  it  also  occurs  when  an  animal  is  given 
dilute  mineral  acids  for  a  period*  In  herbivora  the  fixed  alkalies  of  the 
tissues  combine  with  the  mineral  acids,  and  the  animal  succomhs  in  a  short 
time.  In  caruivora  (and  in  man)  the  bases  of  the  tissues  are  obstinately 
retained;  the  mineral  acids  unite  with  the  ammonia  produced  by  the 
decomposition  of  the  proteids  or  their  cleavage  products,  and  carnivora  can 
therefore  be  kept  alive  for  a  longer  time. 

Lack  of  Earthy  Phosphaies*  With  the  exception  of  the  importance  of 
the  alkaline  earths  as  carbonates  and  more  especially  m  phosphates  in  the 
physical  composition  of  certain  structares,  such  as  the  hones  and  teeth* 
their  physiological  importance  is  nearly  unknown.  The  occurreuce  of 
earthy  phosphates  in  all  proteids,  and  the  great  importance  of  the  earthy 
phosphates  in  the  passage  of  the  proteids  from  a  soluble  to  a  coagulable  and 
solid  state,  make  it  probable  that  the  earthy  phosphates  play  an  important 
part  in  the  organization  of  the  proteids.  The  action  which  an  insufficient 
supply  of  alkali-earths  with  the  food  causes  is  connected  with  the  interest- 
ing question  as  to  the  effect  of  this  lack  upon  the  bony  structure.  This 
action,  as  well  as  the  various  results  obtained  by  experiments  on  young  and 
old  animals,  has  already  been  spoken  of  in  Chapter  X,  to  which  we  refer 
the  reader. 

Lark  of  Iron.  As  iron  is  an  integral  constituent  of  hemoglobin,  abso- 
lutely necessary  for  the  introduction  of  oxygeu,  just  so  is  it  an  indispensable 
constituent  of  the  food.  In  iron  starvation  iron  is  continually  eliminated, 
even  though  in  diminished  amounts;  and  with  an  insufficient  supply  of  iron 
with  the  food  the  formation  of  hsemoglohin  decreases.  The  formation  of 
liflemoglobin  is  not  only  enhanced  by  the  supply  of  organically  combined 
iron,  but  also,  according  to  the  general  view,  by  inorganic  iron  preparations. 
The  various  divergent  statements  on  this  question  have  already  been  given 
in  a  previous  chapter  (on  the  Blood). 

In  the  absence  ot  protein  bodies  in  the  food  the  organism  must  nonrish 
itself  by  its  own  protein  snbstances,  and  with  such  nutrition  it  must  earlier 
or  later  succumb.  By  the  exclusive  administration  of  fat  anil  carbohydrates 
the  consumption  of  proteids  in  these  cases  is  very  considerably  reduced. 
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According  to  the  doctrine  of  C*  Voir,  which  has  been  defended  by  reoeat 
investigations  of  E*  Voir  and  Koekukoff/  the  proteid  metabolism  U 
never  so  slight  niider  these  conditions  as  in  starvation.  According  to  ieveral 
investigators,  sach  as  IlHiscnFELD,  Kumaoawa,  Klemperer,  MrNi» 
Rosenheim,'  and  others,  the  proteid  niet^ibolism  may  indeed,  with  eiclasivelj 
fat  and  carbohydrate  diet,  be  smaller  than  in  complete  starvation.  In 
conformity  with  this  the  animal  may  be  kept  alive  longer  by  food  contaiis- 
ing  only  non-nitrogeooua  bodies  than  in  complete  starvation. 

The  absence  of  fnfs  and  varboht/drafes  in  the  food  affect  carnivora  and 
herbivora  somewhat  diflFerently,  It  is  not  known  whether  carnivora  can  be 
kept  alive  for  any  length  of  time  by  food  entirely  free  from  fat  and  carbo* 
hydrates.  But  it  has  been  positively  demonstrated  that  they  can  be  kept 
alive  a  long  time  by  feeding  exclnsively  with  meat  freed  as  mnch  as  possible 
from  visible  fat  (Pflu(»er  ')*  Jlinnan  beings  and  herbivora,  on  the  cou- 
trary,  cannot  live  for  any  length  of  time  on  sach  food.  On  one  side  they 
lose  the  property  of  digesting  and  assimilating  the  necessarily  large  amonnto 
of  meat,  and  on  the  other  a  distaste  for  large  qnantitiea  of  meat  or  proteidi 
soon  appears. 

IV.  Metabolisiii  with  Various  Foods. 

For  the  carnivora,  as  above  stated,  meat  as  poor  as  possible  in  fat  may 
be  a  complete  and  sufficient  food.  As  the  proteids  moreover  take  a  special 
place  among  the  organic  nntritive  bodies  by  the  quantity  of  nitrogen  the? 
contain,  it  is  proper  that  we  first  describe  the  metabolism  with  an  exclasivelj 
meat  diet. 

Metabolism  with  food  rich  in  proteids,  or  feeding  only  with  meat  as  poor 
in  fat  as  possible. 

By  aa  increased  snpply  of  proteids  their  catabolization  and  the  elimi* 
nation  of  nitrogen  is  increased,  and  this  in  proportion  to  the  supply  of 
proteids. 

If  a  certain  qnantity  of  meat  has  been  given  aa  food  daily  to  carnivora 
and  the  quantity  is  snddenly  increased,  an  increased  catabolism  of  proteidi,  M 
or  an  increase  in  the  qoantity  of  nitrogen  eliminated,  is  the  resnlt.  If  we  ■ 
feed  the  animal  daily  for  a  certain  time  with  hirger  quantities  of  the  same 
meat,  we  find  that  a  part  of  the  proteids  accnmnlates  in  the  body,  but  thi^ 
part  decreases  from  day  to  day,  while  there  is  a  corresponding  daily  increase 
in  the  elimination  of  nitrogen.  In  this  way  a  nitrogenous  eqaiUbriam  is 
established,  that  is,  the  total  qnantity  of  nitrogen  eliminated  is  eqaal  to  the 


»  Zeltflchr.  (.  Biologic,  Bd.  82.  j 

•Hlraclifeld,  Virchow'e  Arch.,  BtL  114:  Kumftirawa,  ibiti,,  Bd.   116;   Elemp«rer,  ' 

Zeitscbr.  f.   klio.   Med,,   Bd.   10;  Hunk,  Du  BoisReymoiid's  A^rcli.,  1891  and  1896; 

Roaenheini.  ibnl,  1891,  Rod  Pfltlger'a  Arch.,  Bd,  54, 
»  Pflager'i  Arch..  Bd.  50. 
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qaantltj  of  nitrogen  in  the  absorbed  proteids  or  meat.  If,  on  the  contrary, 
an  animal  which  is  in  nitrogenous  equilibrium,  having  been  fed  on  large 
qaantitieB  of  meat,  ia  suddenly  fed  with  a  small  quantity  of  meat  per  day, 
then  the  animal  gives  up  its  own  bodiJy  proteids,  the  amount  decreasing 
from  day  to  day^  The  el  i  mi  nation  of  nitrogen  and  the  catabolism  of 
proteids  decrease  constantly,  and  the  animal  may  in  this  case  also  pass  into 
nitrogenous  eqoilibnum,  or  nearly  into  this  condition.  These  relations  are 
iUostrated  by  the  following  table  (Voit  ') : 


I 
I 


1*.. 

Tabl£  v. 

Orms.  of  Meal  in  the  Food  per  Day. 

Before  the  Teat.       Durlof?  the  T«it. 
, , 500                              1500 

2.,- 

1500 

1000 

GmiB.  of  Flesh  metabolixed  fn  Body  per  Tmj. 

1 
1S33 

1153 

2                    3                    A                    &                    t 
1310            1390            1410            1440            1460 
1086            1088            1080            1027 

7 
1500 

In  the  first  caae  (1)  the  metabolism  of  fiesh  before  the  beginning  of  the 
actnal  experiment  on  feeding  with  500  grma.  meat  was  447  grms.,  and  it 
increased  considerably  on  the  first  day  of  the  experiment,  after  feeding  with 
15U0  grms.  meat.  In  the  second  case  (3),  in  which  the  animal  was  pre- 
yiously  in  nitrogenone  equilibrium  with  1500  grms.  meat,  the  metabolism 
of  flesh  on  the  first  day  of  the  experiment,  with  only  1000  grms.  meat, 
decreased  considerably,  and  on  the  fiftli  day  a  nearly  nitrogenous  eqoilib- 
rinm  was  obtained.  During  this  time  the  animal  ga^e  np  daily  some  of 
its  own  proteids-  Between  that  point  below  which  the  animal  loses  from 
its  own  weight  and  the  maximum,  which  seems  to  be  dependent  npon  the 
digestive  and  assimilative  capacity  of  the  intestinal  canal,  a  carnivore  may 
be  kept  in  nitrogenona  eqnilibriam  with  varying  qoantitiea  of  proteids  in 
the  food- 

The  snpply  of  proteids,  as  well  as  the  proteid  condition  of  the  body, 
aflPects  the  extent  of  the  proteid  metabolism.  A  body  which  has  become 
rich  in  proteids  by  a  previous  abundant  meat  diet  must,  to  prevent  a  loss 
of  proteids,  take  up  more  proteid  with  the  food  than  a  body  poor  in 
proteids. 

Pettbnkofer  and  VoiT  have  made  investigations  on  the  metaholiBm 
of  fat  with  an  exclusively  proteid  diet.  These  investigations  have  shown 
that  by  increasing  t!ie  quantity  of  proteids  in  the  food  the  daily  meta- 
bolism of  fat  decreases,  and  they  have  drawn  the  conclusion  from 
these  experiments,  as  detailed  in  Chapter  X,  that  even  a  formation  of  fat 
may  take  place  under  these  circumstances.     The  objections  presented  by 


ees 


METABOLISM. 


PflOger  to  these  experiments,  as  well  aa  the  proofs  of  the  formfttioQ  ollat 
from  proteids,  are  also  gireu  in  the  above-mentioned  chapter. 

According  to  Pfllger's  doctrine  the  proteid  can  iafluence  the  forma- 
tioa  of  fat  only  m  an  indirect  way,  namely,  in  that  it  is  consumed  instead 
of  the  non-nitrogcnona  bodies  and  heace  the  fat  and  fat-forming  carbo- 
hydrates are  spared.  If  eafficient  profceld  is  introduced  into  the  food  to 
satisfy  the  total  nntritiv©  reqnireraents,  then  the  decomposition  of  fat 
stops;  and  if  oon-nitrogenoos  food  is  taken  at  tlie  same  time,  this  h  not 
consamed,  hat  is  stored  up  in  the  animal  body,  the  fats  aa  stich,  and  tlie 
carboliydnttea  at  least  in  great  part  as  fat. 

PflCger  defines  the  **  nutritiTe  requirement  ^*  as  the  smallest  qnantity 
of  lean  meat  which  produces  nitrogenoua  eqailibriom  without  causing  atif  ' 
decomposition  of  fat  or  carbohydrates.     At  rest  aud  at  an  average  tempera- 
ture it  is  found  for  dogs  to  be  2.073  to  2,09i)  grnis,  nitrogen '  (in  meat  fed) 
per  kilo  of  flesh  weight  (not  bodily  weight,  as  the  fat,  which  often  forms  a 
considerable  fraction  of  the  weight  of  the  body,  cannot  as  it  were  be  used 
as  dead  measure).     Even  when  the  supply  of  proteid  is  in  excess  of  the 
nutritive  requiremeots,  Pfluoer  has  fonnd  that  the  proteid  metabolism 
increases  with  an  increased  supply  ontil   the  limit  of  digestive  power  is 
reached,  which  limit  is  about  2600  grms.  meat  with  a  dog  weighing  Z(^M 
kilos.     In  these  experiments  of  PflCoer^s  all  of  the  excess  of  proteid^ 
introduced  was  not  completely  decomposed,  but  a  part  was  retained  by  the 
body.     Pfluger   therefore   defends   the  proposition  "  that   a   supply  of 
proteids  only,  without  fat   or  carbohydrate,  does  not  exclude   a   proteid  ^ 
fattening.'^  ■ 

From  what  has  been  said  on  proteid  metabolism  in  starvation  and  with 
exclusive  proteid  food  it  follows  that  the  proteid  catabolism  in  the  animal 
body  never  stops,  tliat  the  extent  is  dependent  in  the  first  place  npou  the 
extent  of  proteid  supply,  and  that  the  animal  body  has  the  property,  withia^ 
wide  limits,  of  accommodating  the  proteid  catabolism  to  the  proteid  supply,^ 

Tliese  and  certain  other  peculiarities  of  proteid  catabolism  hare  le 
VoiT  to  the  view  that  all  proteids  in  the  body  are  not  decomposed  with  the 
same  ease.  Yoit  differentiates  the  proteids  fixed  in  the  tissue-elementd, 
so-called  organized  proteids,  iissue-proteids^  from  those  proteids  which 
circulate  with  the  fioids  in  the  body  and  its  tissues  and  which  are  taken  up 
by  the  liring  cells  of  the  tissues  from  the  interstitial  flnids  washing  them 
and  destroyed.  These  circulating  proteids  are,  according  to  Yoit,  more 
easily  and  quickly  destroyed  than  the  tissoe-proteids.  When,  therefore,  ic 
a  fasting  animal  which  ha8  been  previously  fed  with  meat  an  abundant  and| 
quickly  decreasing  decomposition  of  proteids  takes  place,  while  in  th« 
further  course  of  starvation  this  proteid  catabolism  becomes  leas  and  more 
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uniform,  this  depends  apon  tho  fact  that  tbe  supply  of  circulating  prateids 
ig  destroyed  chiefly  in  the  first  daya  of  starratioa  and  the  tissue-proteida  in 
the  last  days. 

The  tissae-elements  constitnte  an  apparatus  of  a  relatively  stable  nature^ 
which  have  the  power  of  taking  proteida  froui  the  fluids  washing  the  tissues 
land  appropriating  them,  while  their  own  prateids,  the  tissue-proteida,  are 
ordinarily  catabolized  to  only  a  small  extent,  about  1^  daily  (Voir).  By 
an  increased  supply  of  proteida  the  activity  of  the  cells  and  their  ability  to 
decompose  nutritive  proteida  is  ako  increased  to  a  certain  degree.  When 
nitrogenous  eqoilibrinm  is  obtained  after  increased  supply  of  proteids,  it 
denotes  that  the  decompoaing  power  of  the  cells  for  proteids  has  increased 
80  that  the  same  quantity  of  proteids  is  metabolized  as  is  supplied  to  the 
body.  If  the  proteid  metabolism  is  decreased  by  the  simultaneous  ad  mini  a- 
iration  of  other  non-nitrogenous  foods  (aee  below),  a  part  of  the  circulating 
proteids  may  liave  time  to  become  liied  and  organized  by  the  tissues,  and 
in  this  way  the  mass  of  the  fiesh  of  the  body  increases.  Daring  starvation 
or  with  lack  of  proteids  in  the  food  the  reverae  takes  place,  for  a  part  of 
the  tissae  proteids  is  converted  into  circulating  proteids  which  are  meta- 
bolized, and  in  this  case  the  flesh  of  the  body  decreases. 

Vorr's  theory  has  been  severely  criticised  by  PflOoer.  Pflugrr's 
statement,  based  on  an  investigation  made  by  one  of  his  pupils,  ScHON- 
DORFP,*  is  that  the  extent  of  proteid  destruction  is  not  dependent  npon 
the  quantity  of  circulating  proteida,  hot  upon  the  nutritive  condition  of 
the  cells  for  the  time  being — a  view  which  is  not  very  contradictory  of 
VoiT  if  the  AUTHOR  does  not  miaunderatand  Pfluoer.  Voit  *  has,  as  is 
known,  stated  that  the  conditions  for  the  destruction  of  substances  in 
the  body  exist  in  the  cells,  and  also  that  the  circulating  proteid,  likewise 
according  to  Voir,  is  first  catabolized  after  having  been  taken  up  by 
the  cells  from  the  fluids  washing  them.  The  point  of  Yoit's  theory 
is  that  all  proteids  are  not  destroyed  in  the  body  with  the  same  degree 
of  readiness.  The  organized  proteid,  which  is  fixed  by  the  cells  and 
has  become  a  part  of  the  same^  is  destroyed  less  readily,  according  to  Voit, 
than  the  proteid  taken  up  by  the  cells  from  the  nutritive  fluid,  which  serves 
as  material  for  the  chemical  construction  of  the  very  much  more  compU- 
cateti  organized  proteids.  This  nutritive  proteid,  which  circolates  with 
the  fluids  before  it  is  taken  up  by  the  cells,  and  which  can  exist  in 
store  in  the  cells  as  well  as  in  the  fluids,  agreeably  to  VotT*8  view,  has 
been  called  circulating  proteid  or  supply  proteid  by  him.  It  fa  clear  that 
these  names  may  lead  to  misunderstanding,  and  therefore  too  much  stress 
should  not  be  put  on  them.     The  most  essential  part  of  VoiT*a  theory  is 


*  PfiUger,  Pfltlger'8  Arch,.  Bd.  54 ;  Scli5ndorff,  ibid,,  Bd.  5i 
■  Zeitschr.  f.  Biologic,  Bd.  11. 
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the  sappositLOQ  that  the  food  proteid  of  the  cells  ia  more  easily  defitrojed 
than  the  organized,  real  protoplasmic  proteid,  and  this  assertioa  can 
hardly,  for  the  present,  be  considered  as  refuted  or  exactly  proved. 

This  question  ia  intimately  connected  with  another,  namely,  whether 
the  food  proteids  taken  op  by  the  cells  are  metabolized  as  such  or  whether 
they  are  first  organized.     The  investigations  of  Panum  and  Falck'  on  the 
transitory  progress  of  the  elimination  of  urea  after  a  meal  rich  in  proteidi 
throws  light  on   this   question.     From   experiments   npon  a   dog  it  wia 
found  that  the  elimination  of  orea  increases  almost  immediately  after  i 
meal  rich  in  proteids,  and  that  it  reaches  its  maximum  in  about  six  hoan^ 
when  about  one  half  of  the  quantity  of  nitrogen  corresponding  to  the 
administered  proteids  is  eliminated.     If  we  also  recollect  that,  according  to 
an  experiment  of  Scumjdt-Mulheim  '  upon  a  dog,  about  37*^  of  the  given 
proteids  are  absorbed  in  the  first  two  honrs  after  the  meal  and  about  595<  in 
the  course  of  the  first  six  hours,  we  may  then  infer  that  the  increased 
elimination  of   nitrogen   after  a  meal  is  due  to  a  cataboUzation   of  the    „| 
digested  and  assimilated  proteids  of  the  food  not  p  rev  ion  sly  organized.    Ilfl 
we  admit  that  the  catabolized  proteid  must  have  been  organized,  then  tht^ 
greatly  increased  elimination  of  nitrogen  after  a  meal  rich  in  proteids  sup- 
poses a  far  more  rapid  and  comprehensive  destrnotion  and  recaustr action  of 
the  tiasnea  than  has  been  generally  assumed. 

In  this  connection  wo  must  recall  that,  according  to  the  very  InterestiDg 
investigations  of  Riazaxtseff,  after  partaking  of  food  an  increased  nitro- 
gen elimination  depends  In  part  npon  the  increased  work  of  the  digestive 
glands.  This  follows  from  the  considerably  increased  nitrogen  elimination 
after  so-called  *' apparent  feeding**  (see  Chapter  IX),  but  has  also  been 
confirmed  by  Riazantzeff*  in  other  ways.  In  close  connection  with 
this  stand  the  observations  of  Nencki  and  Zaleski*  on  the  free  forma- 
tion of  ammonia  in  the  cells  of  the  digestive  apparatus  during  the  digestioQ 
of  food  rich  in  proteids. 

It  has  been  stated  above  that  other  foods  may  decrease  the  catabollsm 
of  proteids.  Gelatin  is  eoch  a  food.  Gelatin  and  the  ffelaiin-farrfters  do 
not  seem  to  be  converted  into  proteid  in  the  body,  and  this  last  caiinot  be 
entirely  replaced  by  gelatin  in  the  food.  For  example,  if  a  dog  is  fed  on 
gelatin  and  fat,  its  body  sustains  a  loss  of  proteids  even  when  the  quanti^fl 
of  gelatin  is  so  large  that  the  animal,  with  an  amount  of  fat  and  meat  ooo^ 


*  Pitmira,  NorcL  Med.  Arktv.,  Bd,  6  ;  Fulck,  see  Huruiauu'a  HuadbucU.  Bd.  e.  Thl  \, 
8.  107.     For  flirt  htr  !+talementa  in  regard  to  the  curve  of  nitrogen  elimiuAliou  in  ma 
Boe  TsclieTikiff«  Eorrespoud.  Bktt  Schwelz.  Aerzte.  189d;  BofieiniuiQ»  Pfinger's 
Bd.  65,  and  Veragutb.  Jonm.  of.  PUysial,,  Vol.  21. 

'  Du  Buia  Reymond's  Arch.,  1879. 

'  Arch,  dea  scleuc.  biol.  de  BL  Petersbourg^,  Tume  4,  p.  303. 

*  See  ff>ot-tiote  d,  page  471, 
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Fifnfa. 


Meat. 

Qelutiti. 

Fat, 

Sugar. 

Catabolued. 

Oil  the  Bod  J. 

400 

0 

2(K) 

0 

450 

-  50 

400 

0 

0 

350 

489 

-  39 

400 

200 

0 

0 

25e 

+  44 

iiniDg  jast  the  same  qoantifcy  of  nitrogen  as  the  gelatin  in  qiieatioa,  may 
remain  in  nitrogenous  equilibriam.  On  the  other  hand,  gelatin,  as  Voix, 
Panum  and  Oerum  *  have  shown,  has  a  great  vaiiie  as  a  means  of  sparing 
the  proteids,  and  it  may  decrease  the  catabolism  of  proteids  to  a  still 
greater  extent  than  fats  and  carbohydatets.  This  is  apparent  from  the 
foUoTTing  summary  of  Voit'b  ©iperiments  upon  a  dog: 

^  Table  VI, 

I,  MuNK '  has  lately  arrived  at  similar  results  by  means  of  more  decisive 
experiments.  He  foond  in  dogs  that  on  a  mixed  diet  which  contained  3.7 
grms.  proteid  per  kilo  of  body,  of  which  hardly  3.6  grms,  was  catabolized, 
nearly  |  could  be  replaced  by  gelatin.  The  same  dog  catabolized  on  the 
second  day  of  starvation  three  times  as  much  proteid  as  with  the  gelatin 
feeding.  Muxk  states  also  that  gelatin  has  a  nioch  greater  sparing  action 
OQ  proteids  than  the  fats  or  the  carbohydrates. 

This  ability  of  gelatin  to  spare  the  proteids  is  explained  by  Voit  by  the 
fact  that  the  gelatin  is  decomposed  inst?»ad  of  a  part  of  the  circulating 
proteids,  whereby  a  part  of  this  last  may  be  organized. 

Gelatin  may  also  decrease  somewhat  the  consumption  of  fat,  although 
It  is  of  less  value  in  this  respect  than  the  carboliydrates. 

The  question  of  the  nutritive  value  of  peptones  stands  in  close  relation- 
ship  to  the  nutritive  value  of  the  proteids  and  gelatin.  The  early  investiga- 
tions made  by  Ma.ly,  Plos'z  and  Gyeeuyay,  and  Aoamkiewicz  have  led  to 
the  conclusion  that  with  food  which  contains  no  proteids  besides  peptones 
(albnmoses)  an  animal  may  not  ouly  preserve  its  nitrogenous  equilibrium, 
but  its  proteid  condition  may  even  increase.  According  to  recent  and  more 
exact  investigations  by  Pollitzer,  Zuntz,  and  Munk  the  albumosee  have 
the  same  nutritive  value  as  proteids,  at  least  in  short  experiments.  Accord- 
ing to  PoLLiTZER  this  IB  true  for  different  albumoses  as  well  as  for  true 
peptone;  but  this  does  not  correspond  with  the  experience  of  Ellinger,* 
who  finds  that  the  true  antipeptone  (gland  peptone)  is  not  able  to 
entirely  replace  proteids  or  to  prevent  the  loss  of  proteid  in  the  animal 
body.     On  the  contrary,  according  to  him^  it  has,  like  gelatin,  the  property 


I 


I       1  Toit,  1.  c,  a.  123 ;  Pauura  and  Qcrum,  Nord.  Mtfd.  Arkiv.,  Bd,  11, 

»Ptiftger*8  Arch..  Bd.  58. 

»Mttly,  Piillger's  Arch.,  Bd.  9;  Plos'z  and  Gyergyay,  tdR,  Bd.  10;  Adamkiewicz, 
**Die  Nftltir  und  d<r  Niibrwertli  des  Peptoos"  (BerHo,  1877);  Ponitzer,  PtUlger'a 
Arcb..  Bd.  37,  S.  301 ;  Zmitz.  ibid,,  Bd.  87,  S.  813  :  Mimk,  Ceotmlbl.  f.  d,  med,  Wis- 
aensch..  1889,  8.  20.  and  Deulsch.  med.  WocheDSchr.,  1889;  ElliDger,  Zdtachr,  f. 
Blologie.  Bd.  88. 
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of  sparing  proteids.  VoiT '  long  ago  expressed  a  similar  view.  AccortVing 
to  him  the  albnmoses  and  peptone  may  indeed  replace  the  proteids  for  % 
ehort  time,  bnt  not  permanently;  they  can  spare  the  proteids,  but  uol  be 
converted  into  proteiila. 

From  experiments  made  by  Weiske  and  otherB  on  lierbivora  it  appears 
that  asparagin  may  spare  proteid  in  snch  animals.  In  carnivora  (L  Musk) 
and  in  mice  (Voit  and  Politis)  it  was  found  that  asparagin  has  otilja 
very  slight,  if  any,  sparing  action  on  the  proteids.  It  is  not  known  how  it 
acts  in  man.  According  to  Kellner'  the  sparing  action  of  asparagin  if 
only  of  an  indirect  kind,  becanse  it  serves  as  nutrition  for  the  bacteria  in 
the  digestive  tract  instead  of  the  proteids. 

Hetabolism  on  a  Diet  consisting  of  Proteid,  with  Pat  or  Carbohydratet, 
Fat  cannot  arrest  or  prevent  the  caiaboUsm  of  proteids  ;  bnt  it  can  decrease 
it,  and  so  spare  the  proteids.  This  is  apparent  from  the  following  table  of 
VoiT.'    A  is  the  average  for  three  days,  and  B  for  six  days. 


Table  YII. 

Food. 


Flesh. 


1500 
1500 


Metaboli2ed. 
1512 
1474 


On  the  Bodf. 
-  12 


According  to  Voit  the  adipose  tissue  of  the  body  acts  like  the  food-f 
and  the  proteid-sparing  effect  of  the  former  may  be  added  to  that  of  the ' 
latter,  so  that  a  body  rich  in  fat  may  not  only  remain  in  nttrogenoos 
eqnilibrium,  bnt  may  even  add  to  the  store  of  bodily  proteids,  while  in  % 
lean  body  with  the  same  food  containing  the  same  amount  of  proteids  and 
fat  tliere  wooUl  be  a  loss  of  proteids.  In  a  body  rich  in  fat  a  greater 
quantity  of  proteids  is  protected  from  metabolism  by  a  certain  quantity  of 
fat  than  in  a  lean  body. 

Because  of  the  sparing  action  of  fats  an  animal  to  whose  food  fat  ia 
added  may,  as  is  apparent  from  the  tables,  increase  its  store  of  proteid 
with  a  quantity  of  meat  which  is  insufficient  to  preserve  nitrogeDoas 
equilibrium. 

Like  the  fats  the  carbohydrates  have  a  sparing  action  on  the  proteids* 
By  the  addition  of  carbohydrates  to  the  food  the  carnivore  not  only  remains 
in  nitrogenous  equilibrium,  but  the  same  quantity  of  meat  which  in  itself 
is  insufficient  and  which  without  carboliydrates  would  cause  a  loss  of  weighfl 


i  L.  c .  S.  804. 

*  WeJske,  Zfcltschr.  f.  Biologle,  Btld.  15  and  17,  «nd  GeotralbL  f.  d,  metl.  WUsctwch., 
1800,  8.  &45;  Miink,  Yirchow*s  ArcU..  Bdd.  94  and  ^;  Polttla,  Zcitachr.  f.  Blologie, 
Bd.  28,  See  also  MaiiOiDer,  ibid,,  Bd,  28;  GabHel.  ibid.,  Bd.  29;  and  Voit,  iHd,,  Bd. 
29,  S.  125;  KdlDcr,  Maly's  Jiiliresber,,  Bd.  27. 

*  Vott  Id  HermftBD's  Haadbucli,  Bd.  6,  S.  130. 
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Flesh. 


Mmt 

Fat, 

Sugar. 

BtArcb. 

llKaboli2<^l. 

On  tli<9  Body. 

500 

250 

♦  •  ♦ 

558 

-    58 

500 

aoo 

■  ■  < 

4^ 

+   84 

500 

200 

•  •  < 

505 

-     6 

800 

250 

745 

+   55 

800 

300 

773 

-J-   87 

aooo 

>  •  • 

200^300 

1793 

+  208 

20O0 

250 

1883 

>117 

678 


the  body  may  with  tbe  addition  of  carbohydrates  produce  a  deposit  of 
proteids.     This  is  apparent  from  the  following  table  : ' 

kTABLB  VIII. 
Food. 

The  sparing  of  proteid  by  carbohydrate  is  greater,  as  shown  by  the  table, 
than  by  fatB.  According  to  XoiT  the  first  is  on  an  average  0;^  and  the 
other  7,1^  of  the  adminiBtered  proteid  witliout  a  previoas  aiiditiou  of  noo- 
nitrogenotis  bodies.  Increasing  cjuautities  of  carbohydrates  in  the  food 
decrease  the  proteid  metabolism  more  regularly  and  constantly  than  increas- 
ing qnautitles  of  fat. 

Because  of  this  great  probeid-sparing  action  of  carbohydrates  the 
herbivora,  which  as  a  rule  partake  of  considerable  f^uan titles  of  carbohydrates, 
assimilate  proteids  readily. 

The  law  as  to  the  increased  proteid  catabolism  with  increased  p  rote  id 
snpply  applies  also  to  food  consisting  of  proteid  with  fat  and  carbohydrates. 
In  these  cases  the  body  tries  to  adapt  its  proteid  catabolism  to  the  supply; 
and  when  the  daily  calorie  supply  is  completely  covered  by  the  food»  the 
organism  can,  within  wide  limits,  be  in  nitrogenous  equilibrium  with 
different  quantities  of  proteid. 

The  upper  limit  to  tbe  possible  proteid  catabolism  per  kilo  and  per  day 
has  only  been  determined  for  herbivora.  For  human  beings  it  is  not 
known,  and  its  determination  is  from  a  practical  standpoint  of  secondary 
importance.  What  is  more  important  is  to  ascertain  the  lower  limit,  and 
on  this  subject  we  have  several  experiments  npon  man  as  well  as  animals  by 
HiRSCUFELD,  Ki'MACAWA,  Klemfeueu^  Munk,  KosExnEiM/ aud  others. 
It  follows  from  these  experiments  that  the  lower  limit  of  proteid  needed 
for  human  beings  for  a  week  or  less  is  about  30-40  grms.  proteid  or  0.4-0.6 
grra,  per  kilo  witli  a  body  of  average  weight,  v.  Xoordex*  considers 
0,6  grm.  proteid  (absorbed  proteid)  per  kilo  and  per  day  as  the  lower 
limit.  Tlie  above-mentioned  figures  are  only  valid  for  short  series  of 
experiments;  still  we  have  the  observations  of  E.  YoiT  and  Coxstaxtinidi  * 
on  the  diet  of  a  vegetarian  in  which  the  proteid  condition  was  kept  nearly 
hot  not  completely  for  a  long  time  with  about  0*C  grm*  proteid  j^er  kilo* 


I 


»  Vojt  ill  HermnDii^a  Haudbnclj.  Bd.  6,  S.  14:1 

•See  foot' note  2,  page  566. 

^  Grundri^  einer  Melhcxlik  der  StoffwecliselunterBuchuDgeii.     Berlin,  1699. 

*  Zcitficbr.  f.  Bjolugie,  Bd.  25. 
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Accjording  to  VoixVs  normal  figares,  which  will  be  Bpoken  of  below  for 
the  luitritiFe  need  of  man,  an  average  working  nian  of  abont  70  kiloi 
weight  requires  on  a  mixed  diet  abont  40  caloriea  per  kilo  (true  calories  or 
net  calories,  namely,   the  comb  nation  value   of   the   absorbed  foods).    In 
the  above  eiperiments  with  food  very  poor  in  proteid  the  demand  for 
calories  was  considerably  greater;  as,  for  iostance^  in  certain  cases  it  was  51 
(Kumagawa)  or  even  78. 5  calories  (Klempeber),     It  therefore  seems  as 
if  the  above  very  low  stipply  of  proteid  was  only  possible  with  great  waste 
of  non-nitrogenotis  food;  but  iti  opposition  to  this  we  must  recall  that  in 
VoiT  and  Constantinidi's  experiments  npon  the  vegetarian,  who  for  yeart 
was  used  to  a  food  very  poor  in  proteid  and  rich  in  carbohydrate,  the 
calories  amounted  to  only  43.7  per  kilo.     It  is  an  open  question  hows 
nitrogenous  equilibrium  can  exist  also  on  a  diet  very  poor  in  nitrogen,  wka 
the  need  of  calories  is  only  just  covered  by  the  total  supply. 

In  Hunk's  and  Rosenheim's  experiments  upon  dogs  the  food  poor  ia 
proteida  must  have  raised  the  total  supply  of  calories  considerably.  These 
ex|>erimenfcB  also  teach  tlmt  in  dogs  the  contitmous  administration  for  a  long 
time  of  food  poor  in  proteid  has  an  action  on  the  health  of  the  animal  and 
may  even  cacse  death*  In  the  experiments  published  by  Rosenheim, 
which  extended  over  two  months,  "I  grms,  proteid  per  kilo  of  body  was  not 
sufficient  to  keep  the  animal  healthy,  although  the  heat  valae  of  the  food 
taken  up  amounted  to  110  calories  per  kilo. 

The  very  important  question  as  to  the  conditions  favoring  the  depoaitioa 
of  fat  and  ilesh  on  the  body  ia  closely  associated  with  what  has  jast  been 
said  in  regard  to  foods  consisting  of  proteid  and  non-nitrogenoos  food-stufta.  « 
In  this  connection  we  most  recall  in  the  first  place  that  all  fattening  pn»-^ 
supposes  an  overfeeding,  i.e.,  a  supply  of  food-stuffs  which  is  greater  Uita 
that  catabolized  in  the  same  time. 

In  carnivora,  as  shown  by  the  investigations  of  VoiT  and  Pflugbr,  s 
Tery  inconsiderable   deposition   of  flesh,  in   proportion  to  the  CAtabolize<i^ 
proteid,  may  take  place  with  food  consisting  exclusively  of  meat.     In  matt  ™ 
and  herbivora,  on  the  contrary,  the  demand  for  calories  may  not  be  covered 
by  proteid  alone,  and  the  question  as  to  the  conditions  of  fattening  with  a 
mixed  diet  is  of  importance. 

These  conditions  have  also  been  studied  in  carnivora,  and  here,  ajs  Voir 
has  shown,  the  relationship  between  proteid  and  fat  (and  carbohydrates)! 
is  of  great  importance.     If  much  fat  is  given  in  proportion  to  the  proteii 
of  the  food,  as  with  average  quantities  of  meat  with  considerable  additioj 
of   fat,    then   nitrogenous   equilibrium    is   only   slowly  attained   and   t1 
daily  deposit  of  flesh,  though  not  large,  is  quite  constant,  and  may  become 
greater  in  the  course  of  time.     If,  on  the  contrary,  much   meat  beatdes 
proportionately  little  fat  is  given,  then  the  deposit  of  proteid  with  incre^ised 
catabolism  is  smaller  day  by  day,  and  nitrogenous  equilibrinm  is  attain^ 


or  FLESH. 


575 


In  a  few  days.  In  spite  of  the  daily  somewhat  larger  deposit,  the  total 
'^flesh  deposit  is  not  considerable  in  these  cases.  The  following  experiment 
Lof  VoiT  may  serve  as  example: 

Tablb  IX. 


\ 


I 


Htiinber  of  Days 
tion. 

FCMMi.    * 

Total 
Denosttof 

Dally 
Detwftlt  of 

NltrocenoiM 
EquiUbHum. 

Me&t,  ^rma. 

Fat,  gnns. 

1         1 

500 
1800 

250 
2d0 

854 

56 

123 

not  atlained 
attattit'd 

The  greatest  absolnte  deposition  of  flesh  in  the  body  was  obtained  in 
these  cases  with  only  500  grme.  meat  and  250  gnns.  fat,  and  even  after  3'^ 
days  the  nitrogenous  equilibrinm  had  not  occnrred.  On  feeding  with  1800 
grms.  meat  and  250  grms*  fat  the  nitrogenong  eqnilibriom  occurred  after 
7  days;  and  though  the  deposition  of  flesh  per  day  was  greater,  still  tlie 
absolnte  deposit  was  not  one  half  as  great  as  in  the  former  case.  Inasmuch 
iS  the  quantity  of  proteids  does  not  decrease  below  a  certain  amonot,  it 
seems  that  the  most  abnndant  and  most  lasting  deposition  of  flesh  is 
obtained  with  a  food  which  does  not  contain  too  much  proteids  in  propor- 
tion to  the  fat.  The  same  is  also  true  of  a  diet  consisting  of  proteids  and 
carbohydrates. 

The  eiperimentsof  Krug  *  upon  himself,  onder  the  direction  of  v.  NooE- 
DEX,  giTo  na  information  as  to  the  practicability  of  flesh  deposition  in  man. 
With  abnndant  food  {2590  caL  =  44  caL  per  kilo)  Kel'g  was  close  to 
nitrogenous  equilibrinm  for  six  days.  He  then  increased  the  nutritive 
supply  to  4300  caL  =  Tl  cal.  per  kilo  for  15  days  by  the  addition  of  fat  and 
carbohydrate,  and  in  this  time  309  grms,  proteid,  corresponding  to  1455 
grms.  mnscle,  was  spared.  Of  the  excess  of  administered  calories  in  this 
case  only  b%  was  used  for  flesh  deposit  and  95f?J  for  fat  deposit.  As  the 
large,  excessive  quantity  of  food  was  not  habitual,  and  eaten  with  reluctance, 
this  experiment,  jls  v.  Noorde^  has  correctly  emphasized,  has  placed  the 
difticnlty  of  fleah  deposition  in  another  light.  We  must  admit  with 
V.  NoORDEN  that  it  is  impossible  to  produce  a  permanent  flesh  deposit  in 
man  by  overfeeding,  and  that  it  is  not  possible  to  make  a  person  muscle- 
strong  by  excessive  feeding. 

Fleah  deposition  is,  according  to  v.  Noordex,  a  function  of  the  specific 
energy  of  the  developing  cells  and  the  cell- work  to  a  much  higher  extent 
than  the  excess  of  food*  Therefore  we  observe,  according  to  v.  Noorden, 
abandaut  flesh  deposition  (1)  in  each  growing  body;  (2)  in  those  no  longer 


1  Cited  from  v.  Koorden's  Lehtbucli  der  Patli.  dei  Stoilwecbsels.     BcrllDi  189S 
B.  120. 
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growing  bat  whose  body  is  accustomed  to  increased  work  (hypertrophy  o{ 
the  muBclea  by  work);  (3)  whenever,  by  previons  inaafticient  food  or  bf 
diaease,  the  flesh  coadUioQ  of  the  body  has  been  diminished  and  therefore 
requires  abundant  food  to  replace  the  same.  The  deposition  of  flesh  is  in 
this  case  an  expression  of  the  regetieratiYe  energy  of  the  cells* 

The  experiences  of  graziers  show  that  in  food-animals  a  flesh 
deposit  does  not  occur,  or  at  least  is  only  inconsiderable,  on  overfeeding. 
The  Individ nality  and  the  race  of  the  animal  are  of  importance  for  fleBh 
deposition. 

As  above  stated  (Chapter  X)  respecting  the  formation  of  fat  in  the  aQimit 
body,  the  most  essentia!  condition  for  a  fat  deposition  is  an  overfeeding  with 
non-nitrogenoiis  foods.  The  ex  lent  of  fat  deposition  is  determined  by  llie 
excess  of  administered  calories  over  those  used.  If  a  large  part  of  the 
calorie  demand  is  covered  by  proteid,  then  a  greater  part  of  the  simakfl 
taneously  given  non-nifcrogenoos  food-stuifs  is  spared,  i.e*,  nsed  for  fat" 
deposition.  But  as  proteid  and  fat  are  expensive  nutritive  bodies  as  com- 
pared with  carbohydrates,  the  supply  of  greater  quantities  of  carbohydrate 
is  important  for  fat  deposition.  The  body  decomposes  less  substance  at 
rest  than  during  activity.  Bodily  rest,  besides  a  proper  combination  of  tlis 
three  chief  gronps  of  organic  foods,  is  therefore  also  an  essential  reqaisit4 
for  an  abundant  liit  deposit. 

Action  of  Certain  other  Bodies  on  Metabolism.      Water,     If  a  qaanti^ 
in  excess  of  that  which  is  necessary  is  introduced  into  the  organism^  thij 
excess  is  quickly  and  principally  eliminated  with  the  urine.     This  increase 
elimination  of  urine  causes  in  fasting  animals  (Von,  Forster),  but  nottol 
r.iy  appreciable  degree  in  animals  taking  food  (Seegen^,  Salkowski  and 
MuNK,  Matee,  DtJBElJR*),  an  increased  elimination  of  urea.     The  reason 
for  this  increased  elimination  is  to  he  foond  in  the  fact  that  the  drinking^ 
of  much   water  causes   a   complete   washing   out   of  the   urea   from  th 
tissues.     Another  view,  which  is  defended  by  VoiT,  is  that  becaasa  of  thi 
more  active  current  of  fluids  after  taking  large  quantities  of  water  an  la- 
creased  metabolism  of  proteida  takes  place.     Voir  considers  this  explana- 
tion  the   correct  one,  although    he    does   not  deny   that   by    the  liberal 
adminiatration  of  water  a  more  complete  waslxing  out  of  the  urea  from  thci 
tissues  takes  place. 

In  regard  to  the  action  of  water  on  the  formation  of  fat  and  its  met 
bolism,  the  vieir  that  the  free  drinking  of  water  is  favorable  for  the  deposi* 
tion  of  fat  seems  to  be  generally  admitted,  while  the  drinking  of  only  very 
little  water  acts  against  its  formation. 

'  Yoil,  Ualersucb.  fiber  den  Elnflusa  des  Kochsalzes.  eic.  (Mimcliou,  1860);  FurniciS 
cited  from  Voil  in  Hermaua's  Handbticli,  Bd.  6»  S.  153 :  Secgeu,  Wlen,  SiuuDg^ber** 
Bd.  t»3;  Satkowaki  au*i  Muiik,  Virchow'a  Arch.,  Bd.  71;  Mayer,  ZelUchr*  f.  kiln, 
Med.,  Bd-  2  ;  Dabellr,  Zcitatbr.  f.  Bbdogie,  Bd,  28, 
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Salts,  Th©  excretion  of  arine,  e^en  when  no  great  quantities  of  water 
are  imbibed,  is  increased  bj  commoa  salt,  aod  at  the  same  time  the  elimiaa- 
tion  of  urea  is  also  increased.  The  same  two  possibilities  may  be  considered 
lor  this  last  as  io  the  action  of  water  on  the  excretion  of  nrea.  The  experi- 
menta  continned  for  a  long  time  by  VoiT,  in  which  the  absolute  increase  of 
the  elimination  of  nrea  was  considerable  (106  grma.  in  49  days),  render  the 
conclusion  probable  that  common  salt  somewhat  increases  the  metabolism 
of  the  proteids.  Dubelir  haa  obtained  contrary  resnlts,  which  he  considers 
was  due  to  giving  the  animal  larger  quantities  of  common  salt.  It  w 
possible  that  tbe  decomposition  activity  of  the  cells  may  be  reduced  on 
giving  large  quantities  of  salt.  According  to  Strauu*  the  true  action  of 
common  salt  (although  tbe  loss  of  water  caused  by  the  common-salt  diuresis 
is  replaced  from  the  beginning  by  drinking  water)  is  a  small  diminution  of 
the  proteid  decomposition.  PutiuESi*:  and  CooGi*have  also  come  to  the 
conclusion  that  common  salt  in  anfficiently  large  doses  diminishes  the  elimi- 
nation of  nitrogen.  Certain  other  salts^  such  as  potassium  chloride,  sodinm 
sulphate,  sodium  phosphate,  sodinm  bi borate,  nitrate,  salicylate,  and  others, 
have  an  increased  action  on  the  metabolism  of  proteids. 

Alf'ohoL  The  question  as  to  how  far  the  alcohol  absorbed  in  the  intes- 
tinal canal  is  burnt  in  the  body,  or  whether  it  leaves  the  body  unchanged 
by  various  channels,  has  been  the  subject  of  much  discnssion.  To  all 
appearances  the  greatest  part  of  the  alcohol  introduced  (95^)  is  burnt  in 
the  body  (Subbotin^  Thudichum,  Bodlakdke,  Benedicenti').  As  the 
alcohol  haa  a  high  calorific  value  (1  grm,  —  7  cal.)^  then  the  question 
arises  whether  it  acta  sparingly  on  other  bodies,  and  whether  it  is  to  be 
considered  as  a  nutritive  body.  The  investigations  made  to  decide  this 
question  have  led  to  no  decisive  result.  In  the  experiments  on  the  elimina- 
tion of  nitrogen  in  human  beings  sometimes  a  diminished  (Hammoxd, 
E.  Smith,  Obernier),  sometimes  an  unchanged  (Parkes  and  Wollo- 
wicz  *),  while  in  other  cases  an  increased  (Forster  and  Romeyx  *)  elimina- 
tion of  nitrogen  was  observed  after  the  administration  of  small  amounts  of 
alcohol*  In  the  recent  experiments  of  Stammreich  and  t.  Noorden* 
alcohol  could  only  replace  the  ieodynamic  quantity  of  non-nitrogenous  food- 
Btuffsj  without  an  essential  influence  on  the  proteid  condition  of  the  body^ 
in  a  food  richer  in  proteid  than  ordinarily.     Micra  '  could  not  find  any 


»  Zeltschr.  f.  Blologte,  BtK  37. 

•  See  Maly'B  Jabresben,  Bth  26,  S.  729. 

■  Benediccnti,  Du  Bois-Reyraoutl's  Arch.,  189^5,  which  alio  contaloa  the  Ulerature. 

•  Iti  regard  to  the  older  investigutioDs  see  Voil  in  Hernmun'fl  Haudbucb,  Bd.  6,  S,  170, 

•  Maly's  Jahresber..  Bd.  17.  8.  400. 

•  V.  Noordcu,  **  Alkohol  nU  Sparmiltcl,"  Berlin,  kliu.  Wocbenscbr.^  1891. 
»  Zeitschr.  f.  klin.  Med.,  Bd.  20. 
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flpariDg  action  oq  proteids  by  dcobol  in  hia  experimeots,  aad  according  to 
him  alcoliol  cannot  replace  the  sparing  action  of  carbohydrate  on  proteii 

FoKKER  and  L  MrxK '  found  in  dogs  after  the  administration  of  sraill 
quantities  of  alcohol  a  diminished,  and  after  large  q  nan  titles  an  iDcreiM<!« 
metabolism  of  proteids.     Chittenden,  Korhis.  and  E.  Smith*  makethil 
statement,  based  on  their  experiments  with  1.9,  2.3,  and  2.7  e,c,  alcohol 
per  kilo  of  dog  per  diem,  that  alcohol  acts  like  a  non~nitrogenoua  nutritiTe , 
body  in  regard  to  its  sparing  action  on  proteids. 

Many  investigationi  have  been  made  as  to  the  extent  of  exchange  of^ 
gas  in  animals  after  taflng  alcohol.  The  resolts  in  these  cases  are  some- 
what dtfterentf  depending  upon  the  size  of  dose  and  the  kind  of  animal. 
In  an  experiment  upon  the  hnman  hotly  Ztntz,  and  likewise  Gep?£BT,'J 
observed  no  essential  change  In  the  respiratory  exchange  of  gas  after  etnalli 
non-intoxicating  doses  of  alcohol.  As  alcohol  is  in  greatest  part  consamed 
in  the  body  and  the  exchange  of  gas  is  nevertheless  not  essentially  raised,  it 
seems  aa  if  the  alcohol  diminishes  the  combnstion  of  other  bodies  and 
therefore  has  a  sparing  valne.  Corresponding  with  this,  as  is  well  known,* 
deposition  of  fat  may  take  place  in  the  body  under  tlie  infloence  of  alcohol 
The  nutritive  valne  of  alcohol  may  be  of  essential  ]m|>ortance  only  in  certiin 
cases,  as  large  quantities  of  alcohol  taken  at  a  time,  or  the  continued  nse( 
smaller  quantities,  has  an  injarious  action  on  the  organism.  Alcohol  nu 
therefore  be  regarded  as  a  foodattilf  only  in  exceptional  cases,  and  in  \ 
respects  must  be  considered  as  an  article  of  luxury. 

Coffee  and   tea  have  no  positively  proved  action  on  the  exchangt^ 
material,  and  their  importance  lies  chiefly  in  their  action  npon  the  nervouJ* 
system.     It  is  impossible  to  enter  into  the  action  of  yarions  therapeatic 
agents  upon  metabolism. 


V.  Tlie  Depciideiiee  of  Metiibolisiii  on  Otlier  Conditioufl 

The  previously  mentioned  so-called  abstinence  value,  i.e.,  the  extent  ( 
metabolism  with  absolute  bodily  rest  and  inactivity  of  the  intestinal  tract, 
serves  best  as  a  starting-point  for  the  study  of  metabolism  under  vanoua 
external  circumstances.  The  metabolism  going  on  under  these  conditions 
leads  in  the  first  place  to  the  production  of  heat,  and  it  is  only  to  a  sob- 
ordinate  degree  dependent  npon  the  work  of  the  circalatory  and  respiratorj 
apparatus  and  the  activity  of  the  glands.     According  to  a  calculation  by 


1  Fokker,  cited  from  Volt  \n  HermaoD'a  HiDdbucb,  Bd.  6.  8.  170;  Muok,  Du  Bob* 
Reymond's  Arch.,  1879. 

'  Jaurn.  of  Physiol.,  VoL  19*  See  alio  Dooogioy  and  TibAld,  Maly't  Jaliretber., 
Bd.  24,  mid  Str5m,  iMd. 

*  Zuut£,  Mftly's  Jahreaber.,  Bd,  17  \  Qeppert,  Arch.  f.  exp.  PrUi.  u.  Pharm.,  Bd.  S2* 
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[Zr>^TZ,'  odIj  10-20^  of  the  total  calories  of  tbe  abstineDce  7alue  belonga  to 

[the  circulation  and  respiration  work. 

The  tnagoitude  of  the  ahatiueDce  vahie  depends  in  the  first  place  upon 
the  heat  prod  action  necessary  to  cover  the  loss  of  heat,  and  this  heat  pro- 
duction is  in  tarn  dependent  npon  the  relationship  between  the  weight  of 

,  body  and  the  surface  of  the  body. 

I  Weight  of  Botlt/  and  Age,  The  greater  the  mass  of  the  body  the  greater 
the  absoUite  consnmption  of  material;  while  ou  the  contrary,  other  things 
being  equal,  a  small  individual  of  the  same  species  of  animals  metabolizeB 
absolutely  less,  but  relatively  more  as  compared  with  the  unit  of  the  weight 
of  the  body.  It  must  be  remarked  that  we  mean  ftesh  weight  when  we  say 
body  weight.  The  extent  of  tbe  metabolism  is  dependent  upon  the 
qnantity  of  living  cells,  and  a  very  fat  individual  therefore  decomposes  less 
sabstance  per  kilo  than  a  lean  person  of  the  same  weight  of  body.  In 
women,  who  generally  have  less  bodily  weight  and  a  greater  quantity  of  fat 
thaa  men,  the  metabolism  in  general  is  smaller,  and  the  latter  is  ordinarily 
abont  i  of  that  of  men. 

The  question  as  to  what  extent  gender  specially  inlluencea  nietabolism 
remains  to  be  investigated.  Tigehstkdt  and  Souden*  found  that  in 
the  joung  the  carbon  dioxide  elimination,  per  kilo  of  body  weight  as  well  as 
per  aqnare  metre  of  body  surface,  was  considerably  greater  in  males  than  in 
females  of  the  same  age  and  the  same  weight  of  body.  This  difference 
between  the  two  sexes  seems  to  disappear  gradually,  and  at  old  age  it  entirely  , 

,  disappears. 

i  The  essential  reason  why  small  animals  decompose  relatively  more  sub- 
stance, as  calculated  on  the  kilos  of  the  body,  than  large  ones  is  that 
the  smaller  animals  have  greater  bodily  surface  in  proportion  to  their  mass. 
On  this  account  the  loss  of  heat  is  greater,  which  causes  increased  heat  pro- 
duction, i.e.,  a  more  active  metabolism.  This  is  also  the  reason  why  young 
individuals  of  the  same  kind  show  a  relatively  greater  decomposition  than 
older  ones.  If  we  calculate  the  heat  production  and  carbou-dioxide  elimi- 
nation on  the  unit  of  surface  of  body,  we  find,  on  the  contrary,  as  the 
exi>eriment8  of  Kubner  upon  human  beings  and  Kicnp:T*  upon  dogs  show, 
that  they  vary  only  very  little  from  a  certain  average  in  individuals  of 
di^ereut  weights. 

According  to  Tigerstedt  and  Soudek  the  greater  metabolism  in  young 
animals  depends  nevertheless  also  in  part  on  the  fact  that  in  these  indi- 
Tidnals   the  decomposition   in   itself   is   more  active  than  in  older  ones. 


»*  Cited  from  f.  Noorden*  Lehrbucb,  8.  91. 
•  bkand.  Arch,  f,  Physiol,  Bd,  6. 
•Ruboer,   Zeitachr,  f.  Biologle,   Bdd 
Tome  2. 


21  and  10;  Rlcliel,  Arcli.  dc  Physiol.  (5), 
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The  period  of  growth  1ms  a  cooBiderable  ioflaence  on  the  extent  of  meU- 
bolism  (in  man),  and  indeed  the  metabolism^  even  when  calculated  on  the 
unit  of  surface  of  body,  is  greater  in  yonth  than  in  age  J 

The  more  active  metabolism  in  young  indLvidaala  is  apparent  when  we 
measure  the  gaaeons  exchange  as  well  as  the  elimination  of  nitrogen.  As 
example  of  the  elimination  of  nrea  in  children  the  following  resalte  of 
Camebek*  are  of  value: 

Table  X. 

Age.  Wsiffht  of  Bodj  in  Kdoa.  t7r«*  in  gmui. 

Far  DAy.  Per  Kilo. 

U  years 10,80  12  10  \M 

8       ' ia.SO  ILIO  0.90 

6  "     ie.2a  12.37  0.W 

7  *'    18-80  14.05  0.75 

0      '•     ....,  25.10  17.27  0.09 

131    *• 33  60  17.79  0.S4 

15      "     85.70  17.78  0*00 

In  ad  nits  weighing  about  70  kilos  from  30  to  35  grms.  urea  per  day  is 
eliminated,  or  0.5  grm.  per  kilo.  At  about  15  years  of  age  the  destrnction 
of  proteids  per  kilo  is  about  the  same  as  in  adults.  The  relatively  greater 
metabolism  of  proteids  in  yonng  individuals  is  eicplained  partly  by  the  fact 
that  the  metabolism  of  material  in  general  is  more  active  in  yonng  animala, 
and  partly  by  the  fact  that  young  animals  are  as  a  rule  poorer  in  fat  tliaa_ 
those  full  grown.  ^ 

As  the  metabolism  may  be  kept  at  its  lowest  point  by  absolute  rest  of 
body  and  inactivity  of  the  intestinal  tract,  it  is  manifest  that  work  and  the 
taking  np  of  food  have  an  important  bearing  on  the  extent  of  metabolism* 

Red  and  Work,  During  work  a  greater  qnantity  of  potential  energy  is 
converted  into  living  force,  i.e.,  the  metabolism  is  increased  more  or  lees  on 
accoont  ol  work. 

As  explained  in  a  previous  chapter  (XI)  work,  according  to  the  generally 
accepted  view,  has  no  material  influence  on  the  elimination  of  nitrogen,  — 
It  ia  nevertheless  true  that  several  investigators  have  observed  in  certaia^ 
cases  an  increased  elimination  of  nitrogen;  but  these  observations  have 
been  explained  in  other  ways.  For  instance,  work  may,  when  it  is  coo* 
nected  with  violent  movements  of  the  body,  easily  canse  dyspnoea,  and 
this  last,  aa  Fhankel'  has  shown,  may  cause  an  increase  in  the  elimination 
of  nitrogen,  since  diminution  of  the  oxygen  supply  increases  the  proteid 
metabolism.  In  others  series  of  experiments  the  quantity  of  carbohydrates 
and  fata  in  the  food  was  not  sufficient;  the  snpply  of  fat  in  the  body 
was  decreased  thereby,  and  the  destrnction  of  proteids  was  correspond- 
ingly increased*     Work  may  also   increase  the  appetite,  and   an   increftso 

»  This  stateraeiit  fi  diBpined  by  Cumerer,  ZeilicUr.  f.  Biologle,  Bd.  88.  

•  ZeUschr.  f .  Biologie.  Bdd.  10  aad.  20. 

•  Yircbow'a  Arcb.,  Bdd.  67  u,  71. 
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^tn  the  elimination  of  nitrogen  may  be  cansed  by  tbo  greater  quantity  of 
proteidfl  taken.  According  to  the  generally  accepted  viewa  nmscnlar  activity 
las  hardly  any  influence  on  the  metabolism  of  proteids. 

On  the  contrary,  work  luia  a  very  considerable  intlneoce  on  the  elimina- 
tion of  carbon  dioxide  and  the  consnmption  of  oxygen.  This  action,  which 
was  first  observed  by  Lavoisier,  has  recently  been  confirmed  by  many 
investigators.  Pettexkofer  and  VoiT*  have  made  investigations  on  a 
full-grown  man  as  to  the  metabolism  of  the  nttrogenoiia  as  well  as  of  the 
non-nitrogenous  bodies  during  rest  and  work,  partly  while  fasting  and 
partly  on  a  mixed  diet.  The  experiments  were  made  on  a  foil-grown  man 
weighing  70  kilos.     The  results  are  contained  in  the  following  table: 

m .   Table  XI. 

^^^^H  CoDsuropUoQ  of 

^^^^V  Protoids.        i<fLL.    Carbohydrates.    C0|  eUmlnat;ed.    O  cotusutnod. 

^■j.».io^  J  Rest 79  209  ...  7ie  761 

^^■m..      .  ..  ,  J  Ilest 137  n  352  013  831 

^^pjiueaaiei  ^^y^^^  jj,^  173  352  1209  980 

"  In  these  cases  work  did  not  seem  to  have  any  infloence  on  the  destrnc* 
tion  of  proteids,  while  the  gas  exchange  was  considerably  increased. 

ZrxTZ  and  his  papila*  have  made  very  important  investigations  into  the 
extent  of  the  exchangB  o!  gas  as  a  measnre  of  metabolism  daring  work  and 
caused  by  work,  using  Zuxtz^Geppert's  method  (see  page  544).  These 
investigations  not  only  show  the  important  influence  of  mascnlar  work  on 
the  decomposition  of  material,  but  they  also  show  in  a  very  instructive  way 
the  relationship  between  the  extent  of  metabolism  of  material  and  nseful 
work  of  varions  kinds.    We  can  only  refer  to  these  important  investigations, 

■  which  are  of  special  physiological  interest. 
The  action  of  muscular  work  on  the  gas  exchange  does  not  alone  appear 
with  hard  work.  From  the  researches  of  Speck  and  others  we  learn  that 
even  very  small,  apparently  qnite  nnessential  movements  may  increase  the 
production  of  carbon  dioxide  to  snch  an  extent  that  by  not  observing  these, 
as  in  numerous  older  experiments,  very  considerable  errors  may  creep  in, 
Johansson  '  has  also  made  experiments  npon  himself,  and  finds  that  on 
the  prodoction  of  as  complete  a  mnscie  inactivity  as  possible  the  ordinary 
amonnt  of  carbon  dioxide  (31.2  grms.  per  hour  at  rest  in  the  ordinary 

I        1  Zeiuchr.  f.  Biologle,  Bd.  2, 

*  See  the  works  of  Zimlz  and  Lehmann,  Maly's  Jnbresber,  Bd.  19;  Kntzenatem» 
Pfltlger'ft  Arcb,,  Bd.  49  ;  Loewy^  ibid.;  Ziiiitz.  ibid.,  Btl.  68.  and  efipccinlly  iha  Isirge 
work  *•  Utjtersiicli.  liber  den  Stolfwecbsel  des  Pfcrdes  bei  Rube  imd  Arbeit,"  Zuutz  and 
Hagemanu,  Berlin,  1808,  wbicb  also  cooialus  a  biblu>grapby. 

•Nord.    Med*  Arkiv.    Pt^glband,    1897;    alfio    Maly'fl   Jabresber..   Bd.    27;    Specks 
'Physiol,  des  oieDSchl.  Albmeos/'     Leipzig,  1893. 
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sense)  may  be  reduced  nearly  one  third,  or  an  average  of  22  errms.  p€r 
hour. 

The  qaantity  of  carbon  dioxide  eliminated  daring  a  working  penod  i* 
nniformlj  greater  than  the  quantity  ot  oxygen  taken  up  at  the  eametimet 
and  hence  a  raising  of  the  respiratory  quotient  was  formerly  usually  con- 
sidered as  caused  by  work.     This  rise  does  not  seem  to  be  based  upOQthe 
kind  of  chemical  processes  going  on,  during  work,  as  we  ha?e  a  seriea  of 
experiments  made  by  Zuntz,  Lehmann,  and  Katzenstein  *  in  which  tht 
respiratory  quotient  remained  almost  wholly  uucbanged  in  spite  of  work. 
According  to  Loewy*  the  combustion  processes  in  the  animal  body  go  on 
in  the  same  way  in  work  as  in  rest,  and  a  raising  of  the  respiratory  qootient 
(irrespective  of  the  transient  change  in  the  respiratory  mechanism)  takes 
place  only  with  insufficient  supply  of  oxygen  to  the  muscles,  as  in  contm* 
none  fatiguing  work  or  excessive  muscular  activity  for  a  brief  period,  also  with 
local  lack  of  oxygen  caused  by  excessive  work  of  certain  groups  of  muscles* 
This  varying  condition  of  tbe  respiratory  quotient  has  been  explained  by 
Katzenstein  by  the  statement  that  during  work  two  kinds  of  chemical 
processes  act  side  by  side.     The  one  depends  upon  the  work  which  is  con- 
nected with  the  production  of  carbon  dioxide  also  in  the  absence  of  frec.^ 
oxygen,  while  the  other  brings  about  tbe  regeneration  which  takes  place  by 
the  taking  up  of  oxygen-    When  these  two  chief  kinds  of  chemical  pro 
make  the  same  progress  tbe  respiratory  quotient  remains  unchanged  daring 
work ;  if  by  hard  work  the  decomposition  is  increased  as  compared  with  tha 
regeneration,  then  a  raising  of  the  respiratory  quotient  takes  place. 

The  theor}^  of  Loewy  and  Zuntz  that  the  raising  of  the  respiratory  1 
quotient  during  work  is  to  be  explained  by  an  insufficient  snppiy  of 
oxygen  is  opposed  by  LArLANiK.*  He  has  observed  the  reverse,  namely,  i 
diminution  in  the  respiratory  quotient  during  continuous,  excessive  work, 
and  this  is  not  reconcilable  with  the  above  statements.  According  to 
Laulanie,  who  considers  sugar  as  the  source  of  muscular  energy,  the  rise 
in  the  respiratory  quotient  is  due  to  an  increased  combnstion  of  sugu*. 
The  diminution  of  the  same  he  explains  by  a  re-formation  of  sngar  from  fat 
which  takes  place  at  the  same  time  and  is  accompanied  with  an  iQCi^ued 
consumption  of  oxygen. 

In  sle^p  metabolism  decreases  as  compared  with  that  daring  waking, 
and  the  most  essential  reason  for  this  is  the  muscular  inactivity  during  s^Ieep. 
Tlie  investigations  of  lirBN'EK  upon  a  dog,  and  of  Johansson  *  upon  huma 


'  See  fool-uote  2,  page  580. 

*  Ptlliger's  Arcli..  Bd.  49, 

«  Arch,  de  Phyalol,  {5),  Tom©  8.  p,  572, 

*  Rubuer,  Ladwig  FeelscJir,  1887:  Louwy.  BerL 
Joliaassoii,  Skaad.  Arch.  f.  Physiol,  Bd,  8. 


klin.  Wocheoschr..  18tl,  S.  4S4; 
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l>eiQgs,  teack  ns  that  if  the  mn&cnlar  work  is  eliminated  the  metaboiiani 

daring  waking  is  not  greater  than  in  sleep. 

The  action  of  lighl  also  stands  in  close  conaectton  with  the  qnestioti  of 

the  action  of  mn&cniar  work.  It  ^eems  positiTely  preyed  that  metaboligm  is 
taincreased  nnder  the  influence  of  light.  Most  investigators,  such  as  Speck, 
VLobb,  and  Ewald,'  consider  that  this  increase  is  dna  to  the  Tnovements 
■  caused  by  the  light  or  an  increased  muscle  tonus.     Fitbini  and  Beni- 

DicENTi '  assame  that  the  increase  in  metabolism  due  to  light  is  independent 

of  the  movemeuts.     They  base  this  assumption  on  experiments  made  on 

hibernating  animals. 

•  Menial  activity  does  not  seem  to  have  any  influence  on  metabo!ism. 
Action  of  the  External  Temperature*  lu  coltl*blooded  animals  the  pro- 
dnctiou  of  carbon  dioxide  increases  and  decreases  with  the  rise  and  fall  of 
the  surrounding  temperature*  lu  warm-blooded  animals  this  condition  is 
the  reverse.  By  the  investigations  of  LrDWin  and  Sanders-Ezn,  PflCger 
and  his  pupils,  and  Dake  Charles  Theodoee  of  Bavaria  and  others,'  it 
has  been  demonstrated  that  iu  warm-blooded  aninmls  the  change  in  the 
external  temperature  has  diHerent  results  according  as  the  auimaPs  own 
heat  remains  the  same  or  changes.  If  the  temperatare  of  the  animal  sinks, 
the  elimination  of  carbon  dioxide  decreases;  if  the  temperature  rises,  tlie 
elimination  of  CO,  increases.  If,  on  the  contrary,  the  temperatnre  of  tlie 
body  remains  unchanged,  then  the  elimination  of  carbon  dioxide  increases 
with  a  lower  and  decreases  with  a  higher  external  temperature.  This  fact 
may  be  explained,  according  to  PflCgeu  and  Zuntz,  by  the  statement  that 
the  low  temperatnre,  by  exciting  a  reflex  action  in  the  sensitive  nerves  of 
the  skin,  causes  an  increafled  metabolism  in  the  muBcles  with  an  increased 
prodnction  of  heat,  affecting  tlie  temperature  of  the  body,  while  with  a 
higher  external  temperatnre  the  reverse  takes  place.  The  experiments 
made  upon  animals  are  somewhat  uncertain  for  Beveral  reasons,  but  the 
determinations  of  the  oxygen  absorptiou,  ub  well  as  the  elimination  of  CO,, 
made  by  Speck,  Loewy,  and  Johansson  *  in  human  beings,  have 
shown  that  cold  does  not  produce  any  essential  increase  in  the  metabolism 
of  man.  The  irritation  caused  by  cold  may  reflexly  cause  a  forced  respira- 
tion witli  an  action  on  the  gas  exchange,  and  weak  reflex  mnscular  move- 
menta,  such  as  shivering,  trembling,  etc.,  may  canse  an  insignificant 
increase  in  the  elimination  of  carbon  dioxide;  in  complete  mnscular  in- 
activity cold  seems  to  cause  no  increased  absorption  of  oxygen  or  increased 


'  Speck,  1.  c:  Loeb,  PaHger's  Arch.,  Bd.  42  ;  Ewflld.  Joura  of  Physiol,  Vol.  18. 
'  Cited  from  Blaly'a  Jalireaber.,  Bd.  22,  S.  395. 

*  Tbe  pertiuetit  Uterature  may  be  fouud  cited  by  Volt  in  Hermauu's  Handbucli,  Bd, 
6.  ADd  also  by  Speck.  1.  c. 

*  Speck,  I  c. ;  Loewy»  Pflagcr'a  Arch.,  Bd.  40  ;  Jobanisoiip  Skand.  Arch,  f.  FhysloL^ 
Bd.  7. 
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metabolism,  Etkmak's  '  eiperimenta  opon  inhabitants  of  tbe  tropic*  also 
show  tbe  aame  resfilt^  namely,  that  In  human  beings  na  apreciable  chemical 
heat  regalatlon  oecnrs. 

Metabolism  is  increiisetl  by  the  paHaking  offood^  and  Zcktz"  baa  cil- 
culated  that  in  man  the  conaamption  of  oxygen  is  raised  on  an  average  \^ 
above  the  amonat  daring  rest  for  abont  6  hoars  after  taking  a  moderatelf 
hearty  meal.  This  increase  in  the  metabolism  is  caased,  accord! ag  to  the 
generally  accepted  view  of  Speck,  probably  only  by  the  increased  work  of 
the  digestive  apparatus  on  the  partaking  of  food,  R.tasantzeff  has  sliown 
that  the  extent  of  nitrogen  elimination  is  proportional  to  the  intensitjot 
the  digestive  work. 


VI*  The  Necessity  of  Food  by  Man  under  Various 

ConditionH. 

Various  attempts  have  been  made  to  determine  the  daily  quantity  of 
organic  food  needed  by  man.     Certain  investigators  have  calculated,  from 
the  total  consnmption  of  food  by  a  large  number  of  similarly  fed  indindaal«» 
soldier,  sailors,  laborers,  etc.,  the  average  quantity  of  food8ta:^s  required 
per  head.      Others  have  calculated  tbe  daily  demand  of  food  from  tbe 
quantity  of  carbon  and  nitrogen  in  the  excreta.     Others,  again,  have  calcu- 
lated the  qoantity  of  nutritivB  material  in  a  diet  by  which  an  equilibrium 
was  maintained  in  the  individual  for  one  or  several  days  between  the  con-^ 
sumption  and  the  elimination  of  carbon  and  nitrogen.     Lastly,  others  still  " 
have  fjoantitatively  determined  during  a  period  of  several  days  the  organic 
foodstuffs  consumed  daily   by  persons  of  various  occupations   who  chose 
their  own  food,  by  which  they  were  well  nourished   and  rendered  fully  ■ 
capable  of  labor.  | 

Among  tliese  methods  a  few  are  not  quite  free  from  objection,  and  others 
have  not  as  yet  been  tried  on  a  sufficiently  large  scale,  Nevertheless  the 
experiments  collected  thus  far  serve,  partly  because  of  their  nnmber  and 
partly  because  of  the  methods,  to  correct  and  control  one  another,  and  also 
serve  as  a  good  starting-point  in  determining  the  diet  of  various  classes  and 
fitmilar  questions. 

If  the  quantity  of  foodstuffs  taken  daily  be  converted  into  calorieal 
produced  during  physiological  combustion,  we  then  obtain  some  idea  of] 
the  sum  of  the  chemical  potential  energy  which  under  varying  con- J 
ditions  is  introduced  into  the  body*  It  must  not  be  forgotten  that  the] 
food  is  never  completely  absorbed,  and  that  undigested  or  nnabsorbed^ 
residues  are  always  expelled  from  the  body  with  the  faeces,     Tbe  groes 

»  Virchow'a  Arcb.,  Bd.  133,  and  Pfiiiger'a  Arch.,  BtL  64. 

*  Zuuiz  uad  Levy,  '  *  Beltrag  zur  Kenatoiss  d.  Yerdaulicbkelt,  eUX|  dea  Bradeft/* 
Pflllger'8  Arch. ,  Bd.  40. 
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results  of  calories  calcnlated  from  the  food  taken  must  therefore,  according 
to  RuBNER,  be  diniinished  at  least  S^, 

The  following  Bummar}^  contains  certain  examples  of  the  quantity  of 
food  which  ia  consumed  by  individuals  of  various  classes  under  different 
oonditions*  In  the  last  column  we  also  find  the  quantity  of  liviog  force 
which  corresponds  to  the  quantity  of  food  iu  questioo,  calcnlated  as  calories, 
with  the  above-stated  correction.  The  calories  are  therefore  net  results, 
while  the  figures  for  the  nutritive  bodies  are  gross  results, 

I  Table  XII, 

Proteids,     Fat.  ^y^^^^.  Calories.       Autboritj. 

Soldier  duriog  peace 119  40  529  2784  Platfaitl^ 

"      light  service. 117  »5  447  2424  HiLDEsaEiM, 

"•      Infield 146  46  504  2852 

Laborer ,130  40  550  2903  Jfo!>E&CHorr. 

"      ttt  rest 137  72  352  2458  Pettenkofer  &  VoiT. 

Cabinet-maker  (40  years),,.  131  68  4&4  2885  Forsteh.' 

Young  phydciau 127  89  362  2602 

,...,,..„  134  103  292  2476 

Laborer 1S3  95  422  2902 

Eoglish  smith........  176  71  666  8780  Playfair. 

pugilist. ....288  88  98  2189 

Bavarian  wood-chopper. ...  135  20S  876  5589  LiEBto. 

Laborer  In  SPesia ....     80  16  553  2618  Meineut.* 

Beanifliress  in  London. 54  29  292  1688  Playfaiu. 

Swedish  laborer .134  79  485  8019  Hultgren  &  Lahdsborbn.* 

J&paoese  sludent. 83  14  622  2779  Eijkman,' 

shopman. 55  6  394  1744  'J'awaua.' 

It  ia  evident  that  persona  of  esaentiallj  different  weight  of  body  wlio  live 
under  unequal  eiternal  eonditione  mn^t  need  essentially  different  food.  It 
ia  alao  to  be  expected  (and  tliiB  is  confirmed  by  the  table)  that  not  only  the 
absolute  quantity  of  food  consumed  by  variona  persons,  but  also  the  relative 
proportion  of  the  various  organic  nutritive  substances,  shows  considerable 
Tariation.  Heanlts  for  the  daily  need  of  human  beings  in  general  cannot 
be  given.  For  certain  classes,  such  as  soldiers,  laborers,  etc.,  results  may 
be  giTen  which  are  valuable  for  the  calctilation  of  tlie  daily  rations. 

Based  on  extensive  investigations  and  a  very  wide  experience,  VoiT  has 
proposed  the  following  average  quantities  for  the  daily  diet  of  adolts: 

ProlelilM.  Fat.  Carbohydrates.    Calories. 

Formeu 118  grms.  56  grms.  SOOgrma.  2810 

But  it  ehonld  be  remarked   that   these  data  relate  to  a  man  weigh- 

*  In  regard  to  lii€  older  researches  cited  in  Ihls  table  we  refer  the  reader  to  Voit  la 
Hermftnu*B  Haodbucb,  Bd.  6.  S.  519* 

*  Ibid.,  aad  Zeita<?lir.  f.  Biologic,  Bd.  9. 

*  Armee-  und  Volkflernttljnitjg.     Btjrlin,  1880* 

*  Untersuchung  liber  die  Ertiabruug  schwedischer  Arbdter  be  I  frei  gewShlter  Kost 
Slockbolm*  189L     Maly,  Jiihrcaber  Bd.  21, 

*  Cited  from  Kelluer  and  Mori  iu  ZeiUchr.  f.  Biologies  Bd.  25. 
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mg  70  to  75  kilofl  and  who  was  engaged  daily  for  ten  hours  in  not  too 
fatigniog  labor. 

The  qnantity  of  food  required  hy  a  woman  engaged  in  moderate  work  u 
about  fonr  fiftliB  that  of  a  laboring  man,  and  we  may  consider  the  following 
as  a  daily  diet  with  moderate  work : 

Protcids.  Fttt.  CarbohydrAtes,    C&lorief. 

For  women. ......,.,  94  grms.  45  grma.  400  grms.  2240 

The  proportion  of  fat  to  carbohydrates  is  here  as  1  r  8-9.  Such  a  pro- 
portion occars  often  in  the  food  of  the  poorer  classes,  while  the  ratio  in  the 
food  of  wealthier  persons  is  1  \  3-4.  The  maximum  quantity  of  carbo- 
hydrates in  the  food  miist^  according  to  VoiT,  not  be  above  500  grms. ;  and 
as  tlie  carbohydrates  besides  constitute  the  cliief  part  of  the  often  very  bulky 
vegetable  foods,  it  has  been  suggested  for  this  and  other  grounds  to  increase 
the  quantity  of  fat  at  the  expense  of  the  carbohydrates  in  such  rations. 
But  because  of  the  high  price  of  fat  snch  a  modi^cation  cannot  always  be 
made. 

In  examining  the  aboTe  nnmbers  for  the  daily  rations  it  mast  not  be 
forgotten  tbafe  the  figures  for  the  Tarioas  foodstuff  a  are  gross  results.    TheyS 
consequently  represent  the  quantity  of  these  which  mast  be  taken  in,  and  ™ 
not  those  which  are  really  absorbed.     The  figures  for  the  calories  are,  ou 
the  contrary,  net  results. 

The  various  fooils  are,  as  is  well  known,  not  equally  digested 
absorbed,  and  in  general  the  vegetable  foods  are  less  completely  consamed^ 
than  animal  foods.  This  is  especially  true  of  the  proteide.  When,  there- 
fore, VoiT,  as  above  stated,  calculates  the  daily  quantity  of  proteids  needed 
by  a  laborer  as  118  grms.,  he  starts  with  the  supposition  that  the  diet  is  a 
niiied  animal  and  vegetable  one,  and  also  that  of  the  aliove  IIB  grmstfl 
about  105  grms.  are  absorbed.  The  results  obtained  by  PflOger  and  hff " 
pupils  BoHLAND  and  Bleibtreu  *  of  the  extent  of  the  metabolism  of 
proteida  in  man  with  an  optional  and  sufficient  diet  corresjx^nd  well  with 
the  above  fignres,  when  the  unequal  weight  of  body  of  the  various  persons 
experimented  upon  is  sufficiently  considered. 

As   a   rule,   the   more  exclusively  a  vegetable  fooil  is  employed^   theA 
smaller  is  the  qnantity  of  proteids  in  the  same.     Tiie  strictly  vegetable  diet^ 
of  certain  people,  as  that  of  the  Japanese  and  of  the  so-called  vegetarians, 
is  therefore  a  proof  that,  if  the  quantity  of  food  he  sufficient,  a  person  may 
exist  on  considerably  Kmaller  quantities  of  proteids  than  VoiT  anggests.     Ui 
follows  from  the  investigations  of  Hirschfeld,  Kumaoawa,  and  Klem- 
FKREB  (see  page  571}  that  a  nearly  complete  or  indeed  a  complete  nitroge-] 
nons  eqnilibrium  may  be  attained  by  the  sufficient  administration  of  noa* 
nitrogenous  nntritive  bodies  with  relatively  very  small  quantities  of  proteida,| 


1  Bobland,  PHUger'a  Arch..  Bd.  86  ;  BWibtreu,  Odd.,  Bd.  38. 
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i  we  bear  ia  mind  that  the  food  of  people  of  different  countries  Tariea 
tly,  and  that  the  individual  also  takes  essentially  different  nourishment 
jkccording  to  the  external  conditions  of  living  and  the  intltience  of  cliumte, 
it  is  not  remarkable  that  a  person  accustomed  to  a  miied  diet  cnn  exist  for 
some  time  on  a  strictly  vegetable  diet  deficient  in  proteids.  No  one  doubts 
the  ability  of  man  to  adapt  himself  to  a  heterogeneonsly  composed  diet 
when  this  is  not  too  diMcult  of  digestion  and  is  suMcient  ia  quantity  ;  bot 
this  ability  does  not  fnrnish  a  good  reason  for  essentially  altering  the  figures 
fiuggested  by  VorT.  Although  man  may  be  satisfied  under  certain  circcni- 
stances  with  a  smaller  quantity  of  proteid  tlian  that  calculated  by  VoiT, 
still  it  does  not  follow  that  such  a  diet  is  also  the  most  serviceable.  Voit's 
figures  are  only  given  for  certain  cases  or  certain  categories  of  human  beings* 
It  is  apparent  that  other  figures  mtist  be  taken  for  other  cases,  and  it  ia 
evident  that  the  daily  ration  given  by  VoiT  as  necessary  for  a  laborer  must 
l>e  altered  slightly  for  other  countries  because  of  the  existing  conditions  in 
middle  Europe,  where  Yorx  made  his  investigations.  The  numerous  com- 
pilations (of  Atwater  and  otiiers  ^)  on  the  diet  of  different  families  in 
America  have  given  the  figures  97-113  grma.  proteid  for  a  man,  and  the 
Tery  careful  investigations  of  Hl'LTOren  and  Landerorex  have  shown 
that  the  laborer  in  Sweden  with  moderate  work  and  an  average  body 
weight  of  70.3  kilos,  with  optional  diet,  partakes  134  grms»  proteid,  79 
grms.  fat,  and  52'2  grma,  carbohydrates.  The  quantity  of  proteid  is  here 
greater  than  is  necessary  according  to  Voit.  On  the  other  hand  Lapicque' 
found  07  grms.  proteid  for  Abyssinians  and  81  grms.  for  ^rahtysians  (per 
lK)dy  weight  of  70  kilos),  materially  lower  figures. 

If  we  compare  the  figures  of  Table  XII  witfi  the  average  figures  proposed 
l)y  VoiT  for  the  daily  diet  of  a  laborer,  it  would  seem  at  the  first  glance  as 
if  the  consumed  food  in  certain  cases  Wiis  considerably  in  excess  of  the  need, 
while  ia  other  cases,  as  for  instance  that  of  a  seamstress  in  London >  it  was 
entirely  insufficient.  A  positive  conclusion  cannot,  therefore,  be  drawn  if 
we  do  not  know  the  weight  of  the  body,  as  well  as  the  labor  performed  by 
the  person,  and  also  the  conditions  of  living.  It  is  certainly  true  that  the 
amount  of  nutriment  requiretl  by  the  body  is  not  directly  proportional  to 
the  bodily  weight,  for  a  small  body  consumes  relatively  more  substance  than 
ii  larger  one,  and  varying  quantities  of  fat  may  also  cause  a  difference;  but 
a  large  body,  which  must  maintain  a  greater  quantity,  consumes  an  abso- 
lutely greater  quantity  of  substance  than  a  small  one,  and  in  estimating  the 
nutritive   need   one  must  also  always  consider  the  weight  of  the  body. 

»  Atwater.  Report  of  the  Storrs  A^ric.  Erpt  SCaUon,  Coon..  1I?91«1805  and  1806; 
also  Nutrition  Investigations  Mt  tbe  Uuiversity  of  Tetiue3see»  1896  and  1897 ;  U,  B« 
Depart,  of  Agriculture,  Bull.  53,  1899. 

'  Hultgrea  and  Lantkrgreu,  1.  c*;  Lapiaiue,  ArcU.  de  Phyilol.  (5),  Tome  6. 
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According  to  Yoit,  the  diet  for  a  laborer  with  70  kilos  bodily  weight 
requires  40  calories  for  each  kilo.  Ordinarily  in  resting  human  beings 
the  nutritive  demand  is  generally  calcolated  as  30  calories  per  kilo.  The 
minimum  figure  for  metabolism  daring  Bleep  and  in  as  complete  rest  m 
possible  haa  been  found  by  Sokden,  Tigerstedt  and  Johansson  '  to  be 
24-25  calories. 

As  several  times  stated  above,  the  demands  of  the  body  for  nourishment 
yary  with  di  He  rent  conditions  of  the  body.  Among  these  conditions  two 
are  especially  important,  namely,  work  and  rest* 

In  a  previous  chapter,  in  which  muscular  labor  was  spoken  of,  it  was 
Been  tliat  the  generally  accepted  view  is  that  non-nitrogenons  food  is  the 
moat  essential,  if  not  the  sole,  scarce  of  muscnlar  force.  As  a  natar^l 
seqaence  it  is  to  be  expected  that  in  activity  the  non-nitrogenous  foods 
before  all  must  be  increased  in  the  daily  rations. 

Still  this  does  not  seem  to  hold  true  in  daily  experience.     It  is  a  well- 
known  fact  that  hard-working  individuals — men  and  animalis — require  a 
greater  quantity  of  proteids  in  the  food  than  less  active  ones.     Tiiis  contra- 
diction is,  however,  only  apparent,  and  it  depends,  as  VoiT  has  shown,  npoafl 
the  fact  that  individnals  used  to  violent  work  are  more  nuisciilar.     For" 
this  reason  a  person  performing  severe  muscular  labor  requires  food  con  tun- 
ing a  larger  proportion  of  proteids  than  an  individaal  whose  occapatiomfl 
demands  less   violent  exertion.      Another   question    is,    how   should   the™ 
relative  and  absolute  quantity  of  food  be  changed  if  increased  exertion  be 
demanded  of  one  and  the  same  individual  ? 

An  answer  based  upon  experience  may  he  found  in  statistics  conceming 
the  maintenance  of  soldiers  in  peace  and  war.  ^lany  such  data  are  obtain- 
fible.  In  a  critical  examination  of  the  same  it  is  found  that  in  war  rations 
the  quantity  of  non-nitrogenous  bodies  as  compared  with  the  proteids 
is  only  increased  in  exceptional  cases,  while  osuaily  the  reverse  is  the  case. 
Even  in  these  cases  the  actual  proportion  does  not  correspond  with  the 
theoretical  demand,  npon  which,  however,  too  great  stress  must  not  be 
laid,  since  in  the  case  of  soldiers  in  the  field  many  other  circnmstanoes 
are  to  be  considered,  such  as  the  volume  and  weight  of  the  food,  etc.,  etc,, 
which  cannot  here  be  more  closely  discussed.  The  following  table  showa 
the  average  results  of  soldiers'  rations  in  war  and  peace  from  the  data  given 
for  various  countries.*  These  average  results  also  include  the  figures  for 
Sweden.  ^ 


^  8ondeQ  and  Tigerstedt,  Skand.  Arch.  f.  FbysioU*  Bd.  6  ;  Johansson,  tMd,  Bd.  T; 
Tigerstedt,  Nord.  Med,  Arkiv.  Festbaod,  18^7. 

*  Germany,  Austria,  SwitzerlsDd,  Fmnce,  Italy,  RussIa,  aad  the  United  Slaves^ 
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Table  XIII. 

A.  Peace  Button.  B.  War  Ration. 

Proteids.  Fat.  Carb.  Proteids.  Fat.  Carb^ 

Minimum 108  22  504              126  88  484 

Maximum 165  07  781               197  95  688 

Mean 180  40  551               146  59  557 

Sweden 179  102  591              202  187  565 

If  we  do  not  consider  the  very  liberal  rations  for  the  soldier  in 
Sweden,  and  if  we  simply  adhere  to  the  above  mean  figures,  we  obtain  the 
following  results  for  the  daily  rations: 

Proteids.  Fat.  Carb.  Calories. 

In  peace ..180  40  551  2900 

Inwar 146  59  557  8250 

If  we  calculate  the  fat  in  its  equivalent  quantity  of  starch,  then  the 
relation  of  the  proteids  to  the  non-nitrogenous  foods  is: 

In  peace 1 :  4.97 

In  war 1  :4.79 

The  proportion  is  nearly  the  same  in  both  cases;  the  slight  difference 
which  occurs  shows  a  trifling  relative  increase  in  the  proteids  in  the  war 
ration.  On  the  contrary,  as  is  especially  apparent  from  the  total  of  the 
calories,  the  total  quantity  of  nutritive  bodies  is  greater  in  the  war  than  in 
the  peace  ration. 

As  more  work  requires  an  increase  in  the  absolute  quantity  of  food,  so 

the  quantity  of  food  must  be  diminished  when  little  work  is  performed. 

The  question  as  to  how  far  this  can  be  done  is  of  importance  in  regard  to 

the  diet  in  prisons  and  poorhouses.    We  give  below  the  following  as  example 

of  such  diets: 

Table  XIV. 

Proteids.       Fat.  Carb.  Calories. 

PrisoDer(DOt working)....  87  22  805  1667    Schuster.* 

....  85  80  300  1709    VoiT. 

Han  in  poorhouse .92  45  882  1985    Forbter.* 

Woman  in    " 80  49  266  1725 

The  figures  given  by  Voit  are,  he  says,  the  lowest  reported  for  a  non- 
working  prisoner.  He  considers  the  following  as  the  lowest  diet  for  old 
non- working  people: 

Proteids.        Fat.  Carb.        Calories. 

Men 90  40  850  2200 

Women 80  85  800  1783 

In  calculating  the  daily  diet  it  is  in  most  cases  sufficient  to  ascertain 
how  much  of  the  various  foodstuffs  must  be  daily  administered  to  the 
body  to  keep  it  in  the  proper  condition  to  perform  the  work  required 
of  it.     In  other  cases  it  may  be  a  question  of  improving  the  nutritive  condi- 

1  See  Voit.  Untersuchung  der  Eost.     MUnchen,  1877.    S.  142. 
^  Ibid..  8.  186. 
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tion  of  the  body  by  })roperly  selected  food ;  bat  we  also  have  cases  in  whicb 
it  is  desired  to  dimittish  tlie  maaa  or  weight  of  the  body  by  an  insalficieiit 
nutritiou.  This  is  especially  the  case  io  obesity,  and  all  the  dietaries 
jvroposed  for  this  purpose  are  chiefly  atiirvation  cures. 

The  oldest  and  most  generally  known  diet  core  for  corpalency  is  that  of      , 
Haevet,  which  is  ordinarily  called  the  Banting  method.     The  principle  ^ 
of  thifl  core  consiats  in  increasing,  as  far  as  possible,  the  consumption  of  the  ■ 
accuniolated  fat  of  the  body  by  as  limited  a  supply  of  fat  and  carbohydmtee  ^ 
as  practicable  and  a  simaltaneotisly  increased  supply  of  proteids.     A  second, 
called  Ehstein's  cure,  is  Inised  on  tlie  assumption  (not  correct)  that  the&t 
of  the  food  is  not  accomnlated  in  a  body  rich  in  fat,  but  is  completely 
burnt.     In  this  cure  large  quantities  of  fat  are  therefore  allowed  in  the 
food,  while  the  quantity  of  carbohydrates  is  diminished  very  materially. 
The  third  cure,  called  Oertel's  '  cure,  ia  based  on  the  correct  Tiew  thutS] 
certain  quantity  of  carboliydrates  hiis  no  greater  influence  in  the  acctimuli 
tion  of  fat  than  the  isodynaniic  quantities  of  fat     In  this  cure,  therefore^J 
carbohydrates  as  well  as  fat  are  allowed,  provided  the  total  quantity  of  the 
same  is  not  so  great  as  to  hinder  the  decrease  in  the  fatty  condition, 
greatly  diminished  supply  of  water  ia  also  one  of  the  features  of  Oebtei'S 
cure,   esijocially  in   certain  cases.     The  average  quantity   of   the   varioui 
nutritive  substances  supplied  to  the  body  in  these  three  cures  is  as  follows,! 
and  we  give  also  for  comparison  in  the  same  table  Voit's  diet  necessary  for 
a  laborer : 

Protelda,  F&t.  C&rb.  Calorfe*.  ^| 

Hahvey-Bantino's  cure 1 71  8  75        1066  ■ 

EusTEJN'ecure,.- 102  85  47    1891  ■ 

Oertei/s  " ,,..  158  22  72    1134  ■ 

•'    (max.) 170  44  114        1557  V 

Laborer,  accordiog  to  Voir ;  lia  04J  500  2810  ■ 

If  the  fat  in  all  cases  is  recalcolaied  in  starch,  then  the  proportion  of 
the  proteids  to  the  carboliydrates  \^\  ^ 

H A JsvTCY- Banting's  cure 100:    54  ^| 

EnsTKiN'scure... 100:246  H 

Oertbl's     "* 100:    80  ■ 

"    (mastO 100:129  ■ 

Laborer^.. 100  :  540  ^ 

In  all  these  cures  for  corpulence  the  quantity  of  non-nitrogenons  bodies 
is  diminished  as  compared  with  the  proteids;  but  also  the  total  quantity 
of  food  I  as  is  shown  by  the  number  of  calories,  is  considerably  diminishetl. 

Harvey-Banting's  cure  differs  from  the  others  in  a  relatively  very 
much  greater  quantity  of  proteids,  while  the  total  nnmber  of  calories  in  it 


■  BantiDg,  Letter  on  Corpuleoce.    Loudou,  1864;— Ebsteln,  Die  Fetlllebigkelt  and  ^ 
\\\Tii  BehaQdltiQg.    1882 ;— Oertel,  Handbuch  der  allg,  Therapie  der  KreisUuf9t5ruDgei]»< 
1BS4. 
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is  the  Bmallest.  On  this  account  this  cure  acts  very  quickly;  but  it  is 
therefore  also  more  dangerous  and  more  difficult  to  accomplish.  In  this 
regard  Ebstein's  and  Oertel's  cures  (especially  Oertel's),  having  a 
greater  variation  in  the  selection  of  food,  are  better.  As  the  adipose  tissue 
^  has  a  proteid-sparing  action,  we  have  to  consider  in  using  these  cures, 
'  especially  Banting's,  that  the  destruction  of  proteids  in  the  body  is  not 
increased  with  the  decrease  in  the  adipose  tissue,  and  one  must  therefore 
carefully  watch  the  elimination  of  nitrogen  by  the  urine.  All  diet  cures  for 
obesity  are  moreover,  as  above  stated,  starvation  cures;  and  if  the  daily 
quantity  of  food  required  by  an  adult  man,  represented  as  calorics,  is  in 
ronnd  numbers  2600  calories  (according  to  the  average  figureb  found  by 
FoBSTEB  in  the  case  of  a  physician),  then  one  immediately  sees  what  a  con- 
siderable part  of  its  own  mass  the  body  must  daily  give  up  in  the  above 
cures.  This  reminds  us  of  the  great  care  necessary  in  employing  them; 
each  special  case  should  be  conducted  with  regard  to  the  individuality,  the 
weight  of  the  body,  the  elimination  of  nitrogen  in  the  urine,  etc.,  etc.,  and 
always  under  strong  control,  and  only  by  a  physician,  never  by  a  layman.  A 
more  detailed  discussion  of  the  many  conditions  which  must  be  considered 
in  these  cases  does  not  enter  into  the  plan  and  scope  of  this  work. 
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TABLE  I.— FOODS. 


1.  Animal  Foodituffii. 


a.  Flesh  without  Bonkb. 

Fat  beef .,, 

Beef  (ftTerage  fat  ■).  • 

BecfV,..   ,..,. 

Corned  beef  (average  fat) 

Veal,..,... 

Horse,  aalted  aud  snaoked 

8moked  ham  ,.*.*... , 

Pork,  3,1  Hed  atid  amoked  * , 

Fleak  from  kare. 

**        '*    ckicken  . » ,. 

**        **     partridge, ,. ,, 

''    wildduek. 

b.  Flebh  with  BaifBs. 

Fut  beef  ..,.*..... 

Beef,  avemge  fat  ■ 

Beef,  slighuy  corned , . , . 

BecF^  tborouglily  corned * , , 

Muiton,  very  fat 

''        average  fat •.. 

Pork,  f resk,  f at  ♦ * 

Pork,  corued,  fat , 

Smoked  bum 

<*.  FieHES, 

Hiver  eel,  f  reab,  eDtiro , 

Salmon.        '*         "     , 

Auchovy,     **         " 

Flounder,      **  *'     , 

River  perch/'         *' 

Toisk,  **         •'     

Pike.  *'         '-'    

Herring,  sailed .  entire 

Anckovy,     **  ** 

Saliuon  (side),  salted , 

Kftbeljftu  (sjilted  haddock) , 

Codfish  (dried  ling) 

*'        (dried  toi-sk)  , ..   ....... 

Fiflb-meal  from  variety  of  Gadus 


1000  Partfi  cotitAla 
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1 
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4 
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i 
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n 

640 

100 

90 

6 

196 

98 

18 

688 

100 

50 

0 

no 

120 

18 

672 

100 

63 

0 

2\B 

116 

117 

550 

100 

53 

6 

im 

80 

13 

717 

100 

42 

a 

ms 

65 

125 

492 

100 

SO 

0 

255 

S65 

100 

280 

100 

143 

0 

100 

660 

40 

130 

100 

660 

0 

233 

11 

12 

744 

100 

5 

0 

195 

93 

U 

701 

100 

48 

0 

^58 

14 

14 

719 

106 

6 

0 

246 

81 

12 

711 

100 

18 

0 

156 

141 

9 

544 

150 

100 

90 

0 

167 

83 

15 

585 

160 

100 

49 

^ 

175 

93 

85 

480 

167 

100 

53 

0 

190 

100 

100 

430 

180 

100 

53 

0 

135 

832 

8 

437 

88 

100 

246 

0 

160 

160 

10 

520 

150 

100 

100 

0 

100 

460 

6 

365 

70 

100 

460 

0 

120 

540 

60 

200 

80 

100 

450 

0 

^00 

300  ! 

70 

340 

90 

100 

150 

0 

69 

220 

6 

362 

333 

100 

246 

0 

121 

67 

10 

469 

333 

100 

66 

0 

128 

39 

11 

480 

3S3 

100 

81 

0 

145 

14 

11 

580 

250 

100 

9 

0 

100 

2 

8 

440 

450 

100 

2 

0 

86 

1 

8 

455 

450 

100 

1 

0 

83 

1 

6 

461 

450 

100 

1 

0 

140 

140 

100 

280 

340 

100 

100 

0 

116 

43 

107 

334 

400 

100 

87 

0 

200 

108 

132 

460 

100 

100 

54 

0 

246 

4 

178 

472 

100 

100 

t 

0 

533 

5 

106 

257 

100 

100 

1 

0 

665 

10 

59  116 

160 

100 

1 

0 

736 

' 

87 

170 

100 

1 

0 

^  Tlie  resulis  In  ihe  foUowltig  tableg  are  chleOj  compiled  from  Iho  summary  of  Auttx  and  i 
EOnio.  We  here  designate  as  **  waate  *'  the  part  of  the  futHla  which  is  lost  in  the  preparaUon  of  t 
food  or  that  which  is  not  used  hy  Die  body ;  for  iaHtance,  boaea,  akin,  egg-aheUa,  and  the  < 
vegetable  foods. 

'  Meat  such  as  is  ordinarily  sold  Jn  the  markets  Id  Sweden. 

"  Bi»ef  Bi*ch  as  ta  delivered  by  large  purveyors  to  public  instituUotis  in  Sweden. 
Fork,  chiefly  from  the  breaat  and  belly,  such  as  cMscurs  in  cbe  ratio  as  of  Swedish  aoldieiv. 
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1,  Animal  Foodstuffi. 
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45 

100 
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100 
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10 
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d,   iKIiBB  OEGAliS  (FrBSE). 

Brmia  ,,, •*,,,,, 

BeeMiver , . .,  h,  ,  „ ,  ^ 

Btskst  beart *  * 

Hearl  aud  lungs  of  tnuttoo. . . .. 

VeaJ-kidtiey  , . , » » ,  *  *-  * 

Ox- tongue  (fresh) . .  > . «  ^  «• .  * .  * 
Blood      from     TarlouB     aDlmal^ 
(aTerag«  resulu)* 

«,  Otb:ek  Animal  Foods. 
Y^fety  of  pork-aausagefMettiruret). 

finme  for  frying 

Butter ....*»..«..,« 

Lard.,- ,..,,.,.... 

Heal  extmct * 

Cow's  mnk{f  till)....  ..,....-- 

**    (siklmmed). 

Buttermilk « 

Cr«am 

Cheese  (fat) ..«. 

(pool-} , 

"Whey  cheese  (poor)  ....,,*«.,. 

Heo's  egg;  entire.. 

"        "    withouiihellp ,,  p.». 

Yolk  of  egg 

While"      -  ,.,„.......,.„,, 

2.  Vegetable  FoodHtnfTa. 

Wheat  (grains). . , •-,,«.. 

Wheat-flour  (fine) ............. 

'  *  (very  fine) ,,,,,,,, 

Wheftt'bmD ,, ..^. 

Wheats  bread  (fresh). 

Macaroni . .hi ,.,.»,.. 

Bye  (grains) « ,, , 

Hye-i^our. .....,.,..  , . .  > 

Rye-bread  (dry),  •*..**..«...., 

*'       •'      (freah,  coatie) .- 

**       *'     (fresh,  line) 

Barley  {gmias). . .  t 

Scotch  barley,  .* 

Oat  (graini).  ,,^, *....,. 

Oat  (pee)ed) .*,..., 

Corn ,, 

Hice  (peeled  for  boiling).  *.»,,. 

French  t>eana 

Peas  (yellow  or  green,  dry) .... 

Flour  from  peaa  * ....  i ..,.»., . 

Fotiitoes .>.»...... 

Turtiipa,  ..,*». ««...«. ........ 
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196     as 


184 

im 

231 

ISO 

1B2 


100 

320 

7 

S 

601 

3S 

S5 

41 

87 

280 

834 

S9 

106 

123 

160 

lOB 


128 

110 

92 

190 

88 

1»0 

115 

116 

114 

77 

go 

111 

110 

117 

140 

101 

70 

282 

220 

270 

20 

14 


&3 

109 

88 

170 


150 
160 
850 
020 

85 

7 

2 

257 

270 

66 

70 

23 

107 

807 

7 


17 
10 
11 
89 
10 

8 
17 
16 
20 
10 
14 
21 
10 
60 
60 
58 

7 
21 
15 
IB 

2 

2 


11 


50 

50 

88 

85 

40 

50 

450 

4 

5 


676 

740 
768 
489 
550 
768 
688 
720 
735 
480 
514 
654 
720 
563 
660 
656 
770 
587 
580 
520 
200 
74 


11 
17 

10 
10 
18 
10 


50 
55 

15 

175 
7 

7 

7 

6 

60 

50 

66 

8 

10 

18 

8 


IS 

8 

8 
50 
17 

8 
18 
20 
15 
16 
11 
26 

7 
80 
20 
17 

2 

m 

25 

25 

10 

7 


89 
28 
50 
65 
17 
118 


79 
73 

12100 
S3000 


0 
6 
0 
0 
0 
0 


0 

0 

100 

0 


100    143 
20'  143 

221     23 

605!     95 

inl     17 

19      15 

79   512 

88!      4 

88;      4 

19^1      0 

7       7 


14 
11 
12 
26 
11 
8 


549 

654 

885 

293 

6S5 

858 

15'  600 

18   626 

18    684 

14;  623 

18]  684 

19!  689 

2i  654 

51]  481 

43]  471 

57|  662 

101100 

9i  281 

7j  240 

6'  193 

1011080 

141  539 
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FOOD  TABLES. 


TABLE  I.— FOODS— (Con^mwed). 


2.  Vegetable  Foodftvfii. 


1000  Parts  contain 


n 

ii 


Belationihlpof 


1 


:l 


Carrot  (yellow) 

Cauliflower 

Cabbage 

Beans 

Spinach 

lettuce 

Cucumbers 

Radishes 

Edible  mushrooms  (average) . . . 
Same  dried  in  the  air  (average) . 

Apples  and  pears 

Various  berries  (average) 

Almonds 

Cocoa 


10 

25 

19 

27 

81 

14 

10 

12 

82 

219 

4 

6 

242 

140 


1 
6 
8 
1 
1 
4 
25 


587 

480 


90 
50 
49 


412 

180 

90 

72 

180 


10 
8 

12 
6 

19 

10 
4 
7 
9 

61 
8 
6 

29 

60 


878 
904 
900 
888 
908 
944 
956 
984 
877 
160 
882 
849 
54 
55 


15 

9 

18 

12 

8 

7 

6 

8 

18 

128 

81 

50 

66 

95 


100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 


20 
16 
11 

4 
16 
21 
10 

8 
12 
12 


848 


900 

900 

258 

344 

106 

187 

280 

817 

188 

188 

8250 

1800 

80 

129 


TABLE  II.— MALT  LIQUORS. 


lOQO  Fartfl  br  Wdffht  coDtatn. 

1 

II 

1 

1 

1 

1 

1 

1 

o 

i 

Porter » 

871 

887 
885 
911 
908 
881 
916 

945 

2 
2 
2 
3 

54 

28 
82 
85 
40 
47 
35 

76 

65 

58 
72 
59 

7 

15 
7 
8 
4 
6 
5 

7 

13 

3.0 

2.0 
1.5 
1.7 
4.0 

1 
2 

4 

Beer  (Swedish) 

65 
7ft 

**     (Swedisli  ciport). . . ,» 

Drauj^lj  t-bt?er.  **..«* 

10 

7 

13 

81 
47 

Lftger-beer  .,.,,,,,,,, ♦,- 

Bock  beer ^  *««....«...  ...,,»«,,. 

Welse-beer  . . « , » , , 

BwedJih  "  S^ftgdricka  " 

23 

3 

Wmm  AND  OTHER  ALCOHOLIC  LIQUOBS. 
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TABLE  III.— WINES  AND   OTHER  ALCOHOLIC  LIQUOBS. 


1000  Puts  by  Weight 
contain. 


Bordeaux  wine 

White  wine  (Rheingau). 

Champagne 

Rhine  vine  (sparkling). 

Tokay 

Sherry , 

Port-wine. .  •  •  • 

Madeira 

Marsala , 

Swedish  punch 

Brandy 

French  cognac 

Liqueurs 


868 
776 
801 
808 
796 
774 
791 
790 
479 


1^ 


94 
116 

90 

94 
120 
170 
164 
156 
164 
268 
460 
650 
442-590 


184 
105 
72 
85 
62 
58 
46 


6 
4 
115 
87 
51 
15 
40 
88 
85 


260-475 


i 


•§3 

U  3 


5.9 
5.0 
6.0 
6.0 
7.0 
5.0 
4.0 
5.0 
5.0 


1.0 
1.0 
9.0 
6.0 
2.0 
8.0 
4.0 


2.0 
2.0 
1.0 
2.0 
8.0 
5.0 
3.0 
8.0 
4.0 


H 
I- 


60-70 
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SPECTEUM  PLATE. 

1.  AbiorptioD  speclrum  of  a  solution  of  a^haemogUMn, 

2.  AbtorptioQ  spectrum  of  a  solution  of  hoBmoglMn,  obtained  by  the  action  of  an 

ammoniucal  ferro-tartrate  solution  on  an  oxyhaemoglobin  solution. 
8.  Absorption  spectrum  of  a  faintly -alkaline  solution  of  methcemogiobin, 
4.  Absorption  spectrum  of  a  solution  of  JimncUin  in  ether  containing  oxalic  acid. 
6.  Absorption  spectrum  of  an  alkaline  solution  of  hmmatin, 

6.  Absorption  spectrum  of  an  alkaline  solution  of  hannoehromogen,  obtained  by  tbt 

action    of  an    ammoniacal    ferro-tartrate    solution    on    an    alkaliue-haematin 
solution. 

7.  Absorption  spectrum  of  an  acid  solution  of  urobilin, 

8.  Absorption  spectrum  of  an  alkaline  solution  of  urobilin  after  the  addition  of  a 

zinc  chloride  solutiou. 

9.  Absorption  spectrum  of  a  solution  of  lutein  (ethereal  extract  of  the  egg-yolk). 


INDEX. 


AbsorptioD,  304—316 

,  action  of  putrefactive  processes 
in  the  intestine  on,  298,  299 
Absorption  ratio,  153 

of    the    blood    pigments, 
154 
Acetanilid,  behavior  in  animal  body,  479 
Acetic  acid  in  intestinal  contents,  293 
in  gastric  juice,  260 
in  gastric  contents,  260,  275, 
279 
,  passage  of,  into  urine,  459,476 
Aceto-acetic  acid.    See  Diacetic  acid. 
Acetone,  508 

in  blood,  108 
in  urine,  506,  508 
Acetonuria,  506,  508 
Acetophenon,  behavior  in  body,  482 
Acetylene,  compound  with  haemoglobin,  147 
Acetyl  equivalent,  97 
Acetyl  acid  equivalent,  97 
Acetyl-amido  benzoic  acid,  481 
Acholia,  pigmentary,  240 
Achromatin,  106 
Achroo-dextrin,  89,  253 
Acid  albuminates,  16 

,  properties,  31 — 33 
,  formation  in  peptic  di- 
gestion, 265,  266 
,  absorption  of,  304 
Acid  amides,  behavior  in  the  animal  body, 

476 
Acid  equivalent,  97 
Acid  fermentation  of  urine,  513 
Acid  rigor,  346 
Acids,    organic,    behavior    in    the    animal 

body,  408,  459,  476 
Acidity  of  urine,  407,  408,  468 

of  the  gastric  contents,  276 
of  the  muscles,  332,  346 
Acrite,  79 
Acrolein,  93 
Acrolein  test,  93,  96 
Acroses,  79 

Acrylic  acid  diureid.    See  Uric  acid. 
Actiniochrom,  526 
Adamkiewicz's  reaction,  27 
Adelomorphic  cells,  257 


Adenin,  115 

,  properties,    reaction,    and    occur- 
rence, 119 
in  urine,  435 
Adenylic  acid,  109 
Adhesion,  importance  in  blood  coagulation, 

162,  163 
Adipocere,  327 
iEgagropila,  303 
iErotonometric  method,  541 
Age,  influence  on  metabolism,  579,  580 
Alanin,  66 
Albamin,  22 
Albumins,  16 

,  general  properties,  30 
.See  also  the  various  albumins. 
Albumin,  detection  of,  in  urine,  484,  485 

,  quantitative  estimation  in  urine, 

488 
.  See  Proteids. 
Albuminates,  16 

,  properties      and      reactions, 

31—33 
,  ferruginous  albuminate  in  the 
spleen,  199 
Albuminoids,  16,  51 

in  cartilage,  317,  320 
in  the  lens  fibres,  367 
Albumoids,  16,  51 

in  tracheal  cartilage,  52 
in  lens  fibres,  367 
Albuminose,  in  spermatozoa,  372 
Albuminous  bodies.    See  Proteids. 
Albuminous  glands,  249 
Albumoses,  16 

,  general  properties,  33 — 42 

,  production  in  putrefaction  of 

proteids,  294 
,  formation  in  peptic  digestion, 

265 
,  formation  in  tryptic  digestion, 

289 
,  relationship  to  coagulation  of 

blood,  166,  167 
,  nutritive  value,  571,  572 
,  absorption  of,  304 — 306 
,  transformation    of,    into    pro* 
teid,  306 
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H          698                ^                    INI>KX.                    ^^^^^^^^^^1 

^H              Alhuinoses,  ocourrenee  in  urine,  487 

1 
Allantoic  fluid,  384 

^B              Akapton  wnd  uleaptonuria,  446,  451,  452 

AUantoin,  properties  and  occurrence,  \% 

H               Ak'uhul.     See  Ethyl  lilfolml. 

44U 

^B               AJcoholSy  behnvior  in  iiiiiiiml  body,  477 

in  transudations,  193,  384 

^m              Ak'oholic  fermentatiou,  10,  7tl 

,  forma lioQ   from    uric  acid,  429. 

^H                                                           iu  intestine,  2:D4 

439 

V                                                           in   mtik,  3U2 

Alloxan,  42G,  433                                                    J 

^t^^        Aldehydes,  behavior  in  the  sinimal   body, 

Atloxuric   bases,   113,  435                                    1 

^^K    / 

AUoxuric  bodies,   114,  429 

^^^B       AleuroTi  grains,  370 

Alkylsulphidc  in  the  skunk,  527 

^^^        Alexines,  14.  181 

Ahnen  BJittger-Nvlander's    sugar   lest,  81, 

■^              AUIusri^,  72,  74 

41*7 

^B               Alimentary  glyeosuria,  220,  303 

Amanitin.  103                                            ^^^^J 

^m               Alizarin  in  the  urme,  483 

Ambergris,  304                                          ^^^^B 

^B               Ali/.arin  blue,  behavior  in  the  tissues,  5 

Ambrain,  304                                               H^H 

^m              Alkali  albuminates,  10 

Amido  acids^  relation  to  formation  of  urk 

^^^^                                         ,  proprties     and     reac- 

acid,  420 

^^^L                                                tions,  31—33 

,  relation  to  formation  of  urea, 

^^^^H                                         ^  oecllrren(^e   in  the  egg 

412,  470 

^^^B                                               jolkt  377 

,  formation     in     putrefaction, 

^^^^B                                         i  occurrence        in        the 

20,  204 

^^^^^^H 

,  formation  from   protein  sub- 

^^^^^^B                                                       in    smooth 

stances,    15,    17—21,   fi2- 

^^^^^^H 

68.  204                                   ^ 

^^^^^^H                                  absarptioii  of.  303 

,  formation    in    trrptic    dif^fl 

^^^^^^^r                               f  Lieberkfihn"!^  iilkiili  al- 

tion,  280                                ■ 

^f                                                        buniinalet  32 

Amido-acetic  acid.     See  GlycocolL              H 

^B^^       Alkali     carbonates,     phy^iob^gieal     impor- 

Amidd  benzoic  acids,  behavior  in  the  aiu-;H 

^^^^^                                                 tam-e,  5<I5 

uml  body,  480                                                fl 

^^^^B                                        ,  importaneu     for     gas- 

Amidocaproie  acid.    See  Leucin.                 ^| 

^^^H                                               eou»           exchange, 

Amyo-cinnainic  acid,  478                               ^| 

^^H                                               532—534 

Amklo-ethylendactic  acid.     See  Serin.       ^| 

^^^^B                                         ,  action  on  secretion  of 

Amido-oxyethyl      sulphonie      acid*        Seft 

^^^^B                                                     «;astrie  juice,  2rj9 

Tail  r  in. 

^^^^^^^__                                1  action  on  secretion  of 

Amido-phenylacetic  acid,  behavior  in  ani- 

^^^^^^H                                       paucrcatic  juice,  283 

mal   body,  479 

^^^^^^^^                                  ,  See      v^nimii^      tti^.Hues 

Amido-phenyl  propionie  acid,  formation  ta 

^F                                                         and   fluids. 

the  putrefaction  of  proteids,  20.  441       ^| 

^^^^       Alkalies,  relation  to  gasetnis  exehange*  IGO 

Amidu-phenyl   propionic  acid,  behavior  v^^ 

^^^K                    ,  ditfuathle    and    non-diffusible    in 

the  animal   budy,  478,  479                       ^B 

^^K^                     blood,  1.15.  158 

Amido    pvrot4irtaric    acid.      See    OlntamloH 

^^^^^^H             ,  divif^ion    of.    in   blood    eorpujacles 

acid.                                                               fl 

^^^^^Bp                   and  plasma,  158,  170 

Amido -^succinic  acid.    See  Aspartic  arid.  ^H 

^^^^^^^            *  ^^^   ^il^<'   the   various   fluids   and 

Amido  thiolnctic  acid,  behavior  in  the  anfj^l 

^B                                    tbnues. 

mal  lM>dy,  477                                                ^| 

H               Alkali  phosphates  in  urine,  407,  408,  432, 

Amidulin/S7.  253                                                " 

■                                                        400 

0-anim*j-2-oxypurin,  118 

H                                                ,  occurrence.       See       the  , 

Ammonia,   formation   in   proteid  putrefac- 

H                                                        various    fluids    and 

tion.  204                                    M 

H                                                         organs. 

,  fomuilian     from     protein    fiul>^| 

■              Alkali  urates,  408,  432 

stances.  IS,   10.  280.  294       ■ 

H                                          in  calculi,  517*  518 

,  formation   in   tryptic  digest iai^| 

■                                           in  sediments.  408,  432,  514, 

289                                            ~^| 

■                                                 ^^^ 

,  occurrence   Id   blood.   172,  41|H 

H              Alkaline  earths,  eliminntioti  bv  the  intes- 

470.  471                                     ^ 

■                                                       tine.  400,  4fi7,  472 

,  oecuircnce    in    urine,   40S,  41^H 

^^^^                                       in  urhie,  483 

415.  428.  420,  471                     ^1 

^^H                                       in  bnne^  321.  322 

J  elimination  after  administratici^| 

^^^V                                  1  msufTicimt   supply  of,  324 

of  mineral  acids,  408.  47)      ^H 

^             Alkaline  fermentation  of  urine,  51*4 

,  elimination    in   diseases   of  the 

^K              Alkaloid H,  action  on  mti^clcj;.  340 

liver.  411,  415 

^B                                *  paK<^ige  of.  intii  urinci  483 

,  after  extirpation  or  atiophy  of 

^H                              ,  retention  by  the  liver.  200 

the  hver.  415 

Ammonia,  estimation  of,  in  urine,  472 
Ammonium  chloride,  action  on  metabolism, 

677 
Ammonium  salts,  relation  to  formation  of 
glycogen,  214 
,  relation  to  formation  of 

urea,  412—414 
,  relation  to  formation  of 

uric  acid,  428 
,  relation  to  permeability 
of  the  blood  corpus- 
cles, 160 
Ammonium-magnesium   phosphate  in  uri- 
nary o&lculi,  616 — 618 
Ammonium-magnesium   phosphate  in  uri- 
nary sediment,  614 — 616 
Ammonium  sulphate,  method  of  separating 
albumoses,  37,  41 
,  method  of  separating 
carbohydrates,   38, 
89,  212 
Ammonium    urate    in    urinary    sediments, 
614,  616 
in  urinary  calculi,  617 
Amniotic  fluid,  384 
Amphicreatin,  341 
Amphopeptone,  36 
Amyl  nitrate,  poisoning  with,  180 
Amylodextrin,  87 
Amyloid,  16,  48,  318 

,  vegetable,  90 
Amyloid  degeneration,  bile  in,  241 

,  chondroitin    -    sul- 
phuric    acid     in 
the  liver  in,  318 
Amylolytic  enzymes,  12,  262,  286 
Amylopsin,  286 
Amylum.    See  Starch. 
Antemia,  pernicious,  177 
Anhydride  theory  of  glycogen  formation, 

215 
Anilin,  behavior  in  the  animal  body,  479 
Anisotropous  substance,  332 
Antedonin,  626 
Anthrax  protein,  17 
Antialbumate,  266 
Antialbumid,  266 
Antialbumose,  37 
Antifebrin,    relation     to     elimination     of 

urobilin.  456 
Antimony,  passage  of,  into  milk,  404 

,  action    on    the   elimination    of 
nitrogen,  411 
Antipeptone,  36 — 38,  43 
Antipyrin,  relation  to  formation   of  gly- 
cogen, 214 
,  action  on  the  urine,  466,  483 
,  relation  to  the  permeability  of 
the  blood  corpuscles,  160 
Antitoxins,  14 
Apatite  in  bone  earth,  322 
Approximate    estimation    of    proteid    in 
urine,  488 


Arabinose,  78,  91 

,  relation   to  formation   of  gly- 
cogen, 78,  214 
Arabit,  73 

Arachidic  acid  in  butter,  388 
Arachnoidal  fluid,  189 
Arbacia,  372 
Arbacin,  62,  372 

Arbutin,  relation  to  formation  of  glycogen, 
214 
,  behavior  in  the  animal  body,  447 
Arginin,  19,  24,  62,  64,  69,  69,  289 
Argon  in  blood,  630 
Aromatic  compounds,  behavior  in  animal 

body,  478-483 
Aromatic  oxyacids,  460—463 
Arsenic,  passage  of,  into  milk,  404 
in  sweat,  629 

action     on     the    elimination     of 
nitrogen,  411 
Arsenious  acid,  action  on  peptic  digestion, 

266 
Arseniuretted    hydrogen,    poisoning    with, 

242,  244,  490 
Arterin,  138 
Ascitic  fluids,  192 
Asparagin,  67 

,  relation    to    synthesb    of    pro- 

teids,  24 
,  relation   to   formation   of   gly- 
cogen, 214 
,  nutritive  value,  672 
Asparaginic  acid.    See  Aspartic  acid. 
Aspartic  acid,  67 

,  relation     to     formation     of 

uric  acid,  429 
,  relation     to     formation     of 

urea,  412 
,  formation  from  proteid,  20, 

67 
,  behavior    in    the    organism, 
412,  429,  476 
Asparagus,   odoriferous  bodies  of,  in   the 

urine,  483 
Assimilation  limit,  220,  309 
Ass's  milk,  396,  397 
Atmidalbuniin,  36 
Atmidalbumose,  36 

Atropin,  action  of,  elimination  of  uric  acid, 
428 
,  on  the  secretion  of  saliva,  266 
Auto-digestion  of  the  stomach,  276 
Auto-intoxication,  14 
Auto-oxidizable  bodies,  3 
Auto-oxidation,  3,  6 

Bacteria  urese,  514 
Bactericidal  action,  14,  181 
Banting  cure,  690,  691 
Barium  salts,  behavior  to  blood  coagula- 
tion, 124 
Bases,  nitrogenous,  from  proteids,  68 — 70 
in  the  thyroidea,  202 
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INDEX. 


Beeswax,  98 

Bala's  acetone  reaction,  509 

Benzaldehyde,  oxidation  of,  4 

,  substituted     aldehyde, 
havior     in     the 
body,  480 
Benzoic  add,  formation  from  protein  sab- 
stances,  22,  55,  441 
y  passage  of,  into  sweat,  528 
y  behavior   in    the    organism, 

68,  441,  480 
y  oceorrenee  in  the  urine,  441, 

443 
,  substituted     benzoic     adds, 
action  in  body,  480 
Benzol,  behavior  in  the  animal  body,  478, 

479 
Benzoyl-amido-acetic  acid.      See  Hippuric 

acid. 
Benzoyl-chloride,     behavior     to     carbohy- 
drates, 82,  212,  500 
,  behavior  to  cystin,  512 
Benzoyl-cystin,  512 
Benzoar-stones,  303 
Bifurcated  air,  540 
Bfle,  223—249 

,  general  chemical  properties,  225 
,  analysis  of,  239 
,  antiseptic  action,  298,  299 
,  constituents  of,  226,  237 

in  disease,  240 
,  diastatic  action,  237,  291 
,  influence  on  proteid  digestion,  292 
,  on  the  emulsification  of  fats,  292,314 
,  on  the  secretion  of,  225 
,  on   the  absorption  of  fat,  298,  311, 

314 
,  deavage  of  neutral  fats,  292,  314 
,  on  tryptic  digestion,  289,  293 
,  quantity  of.  224 

,  solvent  for  fatty  acids,  291,  292,  311 
,  passage  of  foreign  bodies,  240 
,  occurrence    of,    in    urine,    314,    315, 

494-496 
,  occurrence  of,  in  gastric  contents,  276, 
292 
in  meconium,  302 
,  composition  of,  238,  240 
,  formation  of,  241—245 
,  secretion  of,  224,  225 
BfleH»ncretions,  245 
BUe-pigments,  233—237 

,  origin  and  formation,  242 — 

245 
,  reactions,  235,  236,  494,  495 
,  passage  of,  into  urine,  494, 

495 
,  occurrence    in    blood-serum, 

134,  180 
,  occurrence  in  egg-shells,  382 
Biliary  fistule,  223 

,  influence   of,  on   intestinal 
putrefaction,  299 


Biliary  fistuke,  influence  on  the  want  of 

food,  299 
Bile-salts,  226 
BUe-acids,  227—231 

m  blood,  180,  241 
in  pus,  198 
in  urine,  315,  494 
,  absorption  of,  315 
Bile-mucus,  225 
Bilianic  add,  229 
BiUcyanin,  233,  235,  237,  485 
Bilifulvin,  237 
Bilifuscin,  233,  237,  246 
Bilihumin,  233,  237 
Biliphfldn,  233 
Biliprasin,  233,  237 
Bilirubin,  233,  234 

,  relationship    to   Uood-pignients, 

152,243 
,  relationship  to  hematoidin,  152, 

233,  243 
,  relationship  to  proteinehrom,  28^ 
,  properties,  234 
,  occurrence,  233 

,  occurrence  in  corpora  lutea,  373 
,  occurrence  in  urine,  494 
,  occurrence  in  the  jAacenta,  383 
Biliverdin,  236 

in  the  egg-shdl,  382 
in  fseces,  302 
in  urine,  394 
in  the  placenta,  383 
Biliverdinic  add,  236 
Bismuth,  passage  of,  into  milk,  404 
Birotation,  76 
Bitch's  mUk,  397,  401 
Biuret,  416    . 
Biuret,  reaction,  27,  416 
Blister  fluid,  195 
Blonds,  mUk  of,  400 
Blood,  123—183 

,  general  behavior,  123,  157 — 161 
,  analyses,  quantitative,  168 — 172 
,  arterial  and  venous,  138,  172,  531 
,  defibrinated,  124 
,  asphyxiation.  5,  138,  161,  531 
,  quantity  of,  in  the  body,  180 
,  detection,  chemico-legal,  152 
,  behavior  in  starvation,  175,  176,  561 
,  composition    under    various    condi- 
tions, 172—180 
in  gastric  contents,  276 
in  urine,  490 — 492 
Blood  analysis,  methodical,  153,  168,  169, 

170 
Blood-casts,  491 
Blood-dot,  124,  160 
Blood-corpuscles,  white,  155,  156,  178 

,  relation    to    coagnlation, 

156,  162—166 
,  relation  to  formation  of 

uric  add,  430 
,  red,  136—138 


^^^^                                                                                            ^^^P         601       ^H 

»^       Blood-oorpuscles,  number  of,  137,  176 

Butter-fat,  388,  397                                                ^^| 

^^^L                                  ,  relation     to     liigh     alti- 

,  calorific  value,  564                               ^^^H 

^^H                                          tudes,  1715 

,  absorption  of^  312                                ^^^^ 

^^^H                                 ,  passage    of^    into    urine^ 

Butterflv,  pigment  of  wings,  427,  625                  ^^^| 

^^m                                         490,  401 

Butlerniilk,  31)t5                                                            ^^M 

^^^"                                   ,  penneaNlity*  150 

Butvl    aliMjhol,    behavior    in    the    animal         ^^H 

^r                                          ,  eompt>sUion»      154,      155, 

Ix^dy,  477                                                                ^H 

■            •                                      171.   177,  178 

Bntyl  chloral  hydrate,  behavior  in  the  ani-         ^^^| 

■             Blood-pigments,  138—154 

ma  I  body,  477                                                         ^^^| 

■                                              in  bile,  241 

Butyric  acid  in  gastric  contents,  276,  279          ^^^| 

■                                              JD  urine,  490-493 

in  gastric  juice.  260                           ^^^| 

■               Blood'plflsmw,  125—132 

in  milk  fat,  388,  397                            ^^M 

H                                      .  composition  of,  135,  171 

Bntyric-acid  fermentation,  4,  6,  386                      ^^^| 

■               Blood'plates,  155,  15G 

in  intestine.  29a        ^^1 

■                                   ,  relation     to     coagulation     of 

Byssus,  16,  58                                                            ^^M 

■                                           blood,  1(52 

^^^H 

■              Blood-aeruni,  124,  132-13(1 

Cachexia  thyreopriva,  202                                      ^^^| 

H^                                   ,  globulieidal  action  of,  181 

Cadaverin,  13                                                             ^^^^ 

^^^                            ,  action  of  enzymes  in,  133, 134, 

in  intestine,  612                                   ^^^| 

^H 

in  urine,  463,  612                                 ^^M 

^^V                          ,  composition  of,  135,  171 

Caffein,  115                                                            ^^H 

Blood-spots,  162 

,  behavior  in  the  animal  body,  430          ^^^| 

Blood-Bweat.  529 

,  action  on  the  muscles,  346                       ^^^| 

Blue  stentorin,  526 

Calcium,  lack  of,  in  food,  324,  325                         ^^H 

Bones  and  bone  tissues,  321—326 

,  occurrence.     See    various   tissues         ^^H 

in    etarvation,    467, 

and  fluids.                                            ^^^M 

^                                             om 

Calcium  carbonate  in  urine,  406,  515                    ^^H 

Bone-earths,  321,  322 

in  urinary  calculi,  518           ^^^^ 

Bones,  softening  of,  324 

in     urinaVy     sedtments,          ^^H 

Bonellin,  526 

^^M 

Borax,  action  on  metabolism,  577 

in  bones,  322,  324,  326            ^H 

,  on  tryptic  digestion,  289 

in  Urt     ,  257                            ^^H 

Borneol,  482  * 

Calcium  casein,  389                                               ^^H 

BtSttcher's  spermin  crystals,  370 

Calcium  formate,  enzymotic  decompo«iliont        ^^H 

Bdttger-Almcn'a  sugar  test,  81,  497 

^H 

Bowman's  disks,  333 

Calcium  oxalate  in  urine,  438                                ^^H 

Brain,  358^364 

in  urinary  sediments,  516          ^^^| 

Bread,  beimvior  in  the  etoinach,  270                1 

in  urinary  calculi,  517                 ^^H 

^_                  ,  action  of,  on  the  secretion  of  gaa- 

Calcium  phosphate,  relation  to  the  coagu-          ^^H 

^^^k                         trie  juice,  259 

lation  of  the  blood,         ^^M 

^^^m                ,  action  of,  on  the  secretion  of  pan- 

^^M 

^^^V                          CTcatic  juice,  284 

,  occurrence     in     intes*         ^^H 

^^B                  ,  excrement,  after  feeding  with,  300, 

tinal       concretions^        ^^H 

307 

303                                      ^^M 

Broraadenin,  116 

in  the  urine,  406,  466*        ^^1 

Bromanil,  22 

467,  468.  472                      ^H 

Brombypoxanthin,  116 

in    urinary    sedimenta,        ^^H 

Bromides,  Iwhavior  to  secretion  of  gastric 

^^M 

juice,  268 

in   urinary  calculi,  618         ^^H 

Bromine,  action  on  proteids,  23 

in      salivary      calculi,         ^^^| 

,  action  on  protemchrom,  289 

^B 

,  passage  of,  into  saliva,  266 

Calcium  0alta,  elimination,  466,  467,  472             ^^H 

Bromoform,  22 

,  importance    to    coagulation         ^^H 

,  behavior  in  the  animal  body, 

ol    the    blood.    124,    128.         ^H 

477 

164,  166                                        ^^M 

Brunettes,  railk  of,  400 

,  relation   U*  the  coagulation         ^^H 

Brunner'a  glands.  279 

of  thr  milk,  390                          ^^M 

Buccal  mucus,  261 

,  importance    to    coagulation        ^^H 

Bufly  coat,  161 

of  milk.  389,  390                          ^^M 

Bufidin,  627 

See  various  calcium  salts.           ^^^H 

Bull,  spermatozoa,  372 

Calcium  suT|>hate  in  urinary  sediments,  516         ^^^| 

Bur&ae  mucosae,  contents  of,  106 

Calculi,  salivary,  257                                               ^^M 

Butalanin,  66 

,  intestinal,  303,  304                           ^^^H 
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Calculi,  urinary,  516 — 619 
Calories  of  food  stuffs,  554 — ^556 

of  difTerent  rations,  685 — 690 
Campho-glycuronic  acid,  460,  482 
Camphor,    behavior   in   the   animal   body, 

460,  482 
Camphoral,  482 
Cane-sugar,  84,  85 

,  inversion  of,  216,  266,  291,  308 

,  calorific  value  of,  654 

,  absorption  of,  308 

,  behavior  with  intestinal  juice, 

280 
,  behavior    with    gastric    juice, 
266 
Capillary    endothelium,    secretory    impor- 
tance, 188,  189 
Capranica's  reaction  for  guanin,  118 
Capric  acid,  92,  388,  397 
Caproic  acid,  92,  388,  397 
Caprylic  acid,  92,  388 
Caramel,  80,  86 
Carbamic  acid,  422 

in  blood,  134,  413 
in  urine,  413,  422 
,  poisonous  action,  413 
Carbamic-acid  ethylester,  422 
Carbazol,  behavior  in  body,  479 
Carbohaemoglobin,  146 
Carbohydrates,  71—92 

,  importance  in  fat  forma- 
tion, 330 
,  importance      in     glycogen 

formation,  214,  216 
,  importance    for    muscular 
activity,  348,  349,  352— 
354 
f  action  on  proteid  metabo- 
lism, 565,  566,  573—576 
,  action  on  intestinal  putre- 
faction, 298,  300,  444 
,  formation    from    fats,   218, 

220 
,  absorption  of,  308 — 311 
,  inadequate  supply  of,  566 
.     See  also  the  various  car- 
bohydrates. 
Carbolic  acid,  action  on  peptic  digestion, 
265 
.    See  also  Phenol. 
Carbolic  urine,  447 

Carbon,  relation  to  nitrogen  in  the  urine, 
550,  551 
'  ,  calorific  value,  553 

Carbon  dioxide  in  the  blood,  531 — 535, 541 — 
543 
in    the    blood    in    diabetes, 

535 
in   the   blood   in   poisoning 
with  mineral  acids,  535 
in  the  intestine,  294,  296 
in  the  lymph,  184,  535 
in  the  stomach,  271 


Carb<m  dioxide  in  the  muscles  during  rat 

and  activity,  348,  352      | 
in    the    muscles    in  rigor 

mortis,  346 
in  the  secretions,  535 
in  transudations,  536 
,  binding     of     CO,    in   the 

blood,  532—535 
,  action  on  the  secretion  of 

gastric  juice,  258 
y  tension    of,    in    the  Uood, 

641,  642 
y  tension  of,   in  the  tissaei, 

643 
,  tension  of,  in  lymph,  184 
,  tension    of,    in    transudi- 
tions,  636 
elimination,  dependence  of 
external      temperature 
upon,  583 
elimination     in    rest    and 
activity,  348,  352,  581, 
682 
elimination    by    the  skill, 

629 
elimination  in  various  ages, 

579,  680 
haemoglobin,  146 
Carbon-monoxide  poisoning,  146,  221,  343 
Carbon-monoxide  poisoning,  action  on  tite 

formation  of  lactic  acid,  343 
Carbon-monoxide  poisoning,  action  on  the 

elimination  of  nitrogen,  411 
Carbon-monoxide  poisoning,  action  on  the 

elimination  of  sugar,  221,  343 
Carbon-monoxide   haemoglobin,  145, 146,147 
Carbon-monoxide  methaemoglobin,  146 
Carbon-monoxide    blood    test,    Hoppe-Sey- 

ler's,  146 
Carcinoma,   lactic   acid   in  stomach  with, 

276 
Carminic  acid,  525 
Carnic  acid,  35,  43,  340 
Camiferrin,  44,  340 
Carnin,  115,  340 

in  urine,  435 
Carp,  sperma  of,  372 
Cartilage,  317—321 

,  quantity  of  ash,  320 

,  behavior  to   gastric  juice,  266, 

270 
,  behavior  to  pancreatic  juice,  290 
Cartilage  gelatin,  57 
Casein,  origin,  403 

,  from  woman*s  milk,  398 

,  from  cow's  milk,  388,  389 

,  quantitative    estimation    of,    393, 

394 
,  absorption  of,  304 
,  behavior  towards  rennin,  267,  389, 

390,  398 
,  behavior  to  gastric  juice,  266,  270, 
390,  398 


CtMin,  heat  of  combustion,  554 
Cueinogen,  300 
Cueofies,  36 

,  relation  to  the  coagulation  of  the 
blood,  124 
Castor  bean,  14 
Ckstoreum,  526 
Castorin,  526 
Cataract,  368 

Catheterization  of  the  lungs,  530,  541 
Cat's  milk,  306,  307 
Cell,  animal,  00—123 
C^ll  constituents,  primary  and  secondary, 

100 
Cell  fibrinogen.  112 
CeU  globulins,  100,  137 
Cell  membrane,  102 
Cell  nucleus,  106 

,  relation    to    coagulation    of 
fibrinogen,  157,  162 
Cdlulose,  00 

,  fermentation  of,  201,  207 
,  occurrence  in  tuberculosis,  545 
,  action    on    absorption    of    food- 
stuffs, 307 
Cement,  325 

Cerebellum,  composition  of,  363 
Cerebrin,  84,  107,  350,  361 

,  properties  and,  behavior,  361,362 
in  pus,  100 
Cerebrosides,  107,  360,  361 
Cerebrospinal  fluid,  104 
Cerolein.  08 
Cerotic  acid,  08 
Cerumen,  526 
Cetin,  08 
Cetyl  alcohol,  08 
Chalaza,  378 

Charcot's  crystals,  178,  371 
Cheno-taurocholic  acid,  220 
Children's  urine,  406,  410,  430 
Chitin,  58,  521,  522 

,  behavior  in  tryptic  digestion,  200 
Chitosamin,  46,  75,  523 
Chloral  hydrate,   behavior  in   the  animal 

body,  460,  477 
Chlorates,  poisoning  with,  180,  400 
Chlorazol,  22 
Chlorbenzol,  behavior  in  the  animal  body, 

482 
Chlorides,  elimination  by  the  urine,   136, 
463,464 
,  elimination  by  the  sweat,  528 
,  action    on    proteid    metabolism, 

577 
,  insufficient  supply  of,  564 
.  See    also    various    fluids    and 
tissues. 
Chlorocruorin,  154 

Chloroform,  action  on  the  elimination  of 
chlorides,  464 
y  action  on  the  muscles,  346 
,  behavior  in  the  animal  body ,477 


Chlorophan,  366 
Chlorophyll,  2,  526 

,  relation    to    blood    pigments, 
130 
Chloroproteinchrom,  200 
Chlorosis,  177 
Chlorphenylcystein,  483 
Chlorphenylmercapturic  acid,  483 
Chlorrhodinic  acid,  108 
Cholagogues,  224,  225 
Cholalic  acid,  220 

,  relation  to  cholesterin,  246 
Cholanic  acid,  230 
Cholecyanin,  235,  236 
Choleic  acid,  230 
Cholepyrrhin,  233 
Cholera,  blood  in,  178,  170 
,  sweat  in,  128 
,  ptomaines  in,  13 
Cholera  bacilli,  behavior  with  gastric  juice, 

274 
Cholesterilene,  246 
Cholesterilin,  246 
Cholesterin,  246 

in  blood  serum,  132 
in  sputum,  545 
in  the  bUe,  226,  237,  230,  240 
in  the  brain,*  350,  364 
in  the  uiine,  511 
,  importance    in    the    life   proc- 
esses of  the  cell,  100,  106 
Cholesterin  calculi,  245,  510 
Cholesterin  fat,  as  protective  fat,  526 
Cholesterin-propionic  ester,  247 
Cholesterinic  acid,  220 
Cholesteron,  246 
Choletelin,  233,  236 

,  relation  to  urobilin,  464 
Cholic  acid.    See  Cholalic  acid. 
Cholin,  14,  103,  237 
Cholohffimatin,  237 
Choloidic  acid,  231 
Cholylic  acid,  220 
Chondrigen,  317 
Chondrin,  57,  317 

in  pus,  108 
Chondrin  balls,  320 
Chondroitic  acid,  318 
Chondroitin,  318 

Chondroitin-sulphuric   acid,    48,    317,   318, 

319 
in  urine,  461, 

489 
in      kidneys, 
406 
Chondromucoid,  48,  317,  310 
Chondroproteids,  44,  48 

in  the  urine,  461,  489 
Chondrosin     from     chondroitin  -  sulphuric 
acid,  318 
from  sponges,  48 
Chorda  saliva,  250 
Choroid  coat,  368 


^^m      004                                                                    ^^^^^^^H 

^^^H          Choroid  coat,  pigment  of,  524 

Copper  in  hffijuocyanin,  154                    ^| 

^^^H          ChristPDsen  and   Mygge's  approximate  es- 

in  protein  subslanoed,  U            ^| 

^^^H              tiniiition  of  proteid  in  urmc^  489 

in  turacLn.  525                               ^M 

^^H           Chromatin*    106 

Cornea,  320,  36d                                         M 

^^H           Chromhklrosi^,  529 

Cornetn,  16,  58                                           ^1 

^^^H          CliromogeDS  in  urine.  453 

Corn  icry  stall  in,  58                                       ^f 

^^^^B                                 in  BUpra-renat  eapBule,  204 

Corpora  lutea,  373,  377                             H 

^^^H          Chrysophantc  acid,  action  on  iirinei  483 

Corpulence,  diet  cures  for,  690,  591         ^M 

^^H          Chyle,   183— ISd 

Corpuseula  amvlacea,  363                            g 

^^^H          Chvlopericardium,  191 

Corw'a  mUk,  385—397                                    1 

^^H          ChyluriH^  511 

,  general  behavior,  385,  SS8         1 

^^^H          Chyme,  270 

,  analysis  of,  SOS— 395                1 

^^^H                       ,  investigation  of,  276 — 270 

,  tnorgantc  constituents  ol,  US     1 

^^H          Chymosin,  12,  267,  380,  390 

,  organic  constituent*  of.  3lf^     i 

^^^^m                              in  urine,  462 

393 

^^^^B                            .  See  also  rennin. 

,  anti-putrefactive     action    od 

^^^^H          Cilia nie  acid,  229 

298—444 

^^^^B          Cinnamie  acid,  behavior  in  the  body,  441 

,  coagulation  with  rennin,  SfT, 

^^H           Citric  aeid  in  milk,  388.  395,  399 

386,  398 

^^^H           Clupeln,  59,  60 

y  behavior  in  the  stomacli,  fiH, 

^^^H          Coagulated  proteids,  16,  42 

274                                            ■ 

^^H          Coagulation   of   tlie   blood,    123,    124,    128, 

,  com  position  of,  395               ^1 

^^^^                                    129,  160—166,  178 

Cream,  396                                                JM 

^^^^^^^L                         f  in  trava  Millar,  166 

CreatiD,  relation  to  formation  of  nret,  3S|(H 

^^^^H                           of   milk,   386,  387,   389,   390, 

410                              m 

^^^^^1 

,  relation  to  muscular  activity,  3*(^ 

^^^^^H                          of  xnuscle  plasma,  333,   336, 

352 

^^^^^"                                   .  346 

,  properties    and    occurrence,  S38^^ 

^^^V         Coccinic  acid,  525 

339                                            jH 

^^^H          Co<^hinea1,  525 

Crcatinin,    relation    to    muscular  activit|^H 

^^^H          Cochinillic  acid.  525 

350,  352,  423                         jM 

^^^^^    Coefficient,  Hiiser'a,  474 

^^^^^^                    ,  respinitory,  330,  352,  552,  559, 

,  zinc  chloride,  42^                     ^M 

^^^^^P 

Cresol,  20.  294,  443,  444                       ^^B 

^^^^^^                       ,  extinction.  153,  154 

Cresot- sulphuric  actd,  443^  444         ^^^H 

^^^^H                                urotoxic,   463 

Crotonic  acid,  511                                ^^^1 

^^^^H          Coffee,  action  on  metabolism,  578 

Cruor,  124                                              ^^H 

^^H           Collagen,  16,  54,  31ti,  317,  319,  321 

CruBocrcatinin,  341                               ^^^^^ 

^^H           Collidin,    13 

Criistaceorubin,  626                              ^^^^B 

^^H          Colloid,  47,  373,  374 

CrustA   inflanimatoria   or  phlogiati^i,  181* 

^^^H           Colloid  corpu>sde$,  373 

178 

^^^1          Colloid  cvNtf?,  373 

Crvstalbumin,  369                                       ^H 

^^^H          Coloring  matters.     See  variottB  pigments. 

Crvstalfibrin,  368                                    __^M 

^^^H          Colo^tinjm  of  woman's  milk,  400 

Crystallms,  16,  367,  368                      ^^M 

^^^V                              of  enwV  milk,  395,  396 

Crystalline  lens,  367.  368                    ^^^B 

^^^^H          Coloiitmm  I'orpuscles^  395 

Cr^^^talline  ^ralbumin.  132                ^^^H 

^^^H          Comma     bacilliH,     behavior    with    gastric 

Ctimic  acid,  480                                    ^^^| 

^^^H                         274 

Cnniinuric  acid,  480                              ^^^H 

^^^H^         Compound  proteids,  16,  44 — 51 

Curare  poisoning,  action  on  muscular  tci^H 

^^^^^^^                                     .  See       the       di Cerent 

347                            ^M 

^^^^^^^h                                             frroupB   of  protein 

,  action  on  elimiaatlcni'H 

^^^^^^P                                              subBtances. 

sugar,  221         ^jB 

^          Conchiolin,  16,  58 

Curd.  390                                             ^^M 

^^^H          Conerements.    See  various  cakuli. 

Cyanhydrines,  73                                  ^^^^ 

^^^^■^          Cones  of  the  retina,  pigment  of,  366 

C^anmetbffimoglobin,  147                   ^^^| 

^^^^B          Confzlntin,  calorific  value  of,  554 

Cyanocryst^lin,  382,  525                    ^^H 

^^^H          Conifer  sced^,  proteid  of,  69 

Cyanogen  in  proteid  molecule,  4       ^^^B 

^^^H          Connective  tissues,  316 

Cyanuric  acid,  416,  426                           ^1 

^^^H          Contact  action,  12 

Cyanunn.  453                                      ^^^H 

^^^H          Copaiva  balsam,  action  on  the  urine,  48d 

CymoU  479                                           ^^H 

^^H          Copper  in  blood.  134,  170 

Cystcin,  4S3,  512                                  ^BM 

^^H                        in  bile,  238 

,  conjugation  la  animml  bodr,  ^H 

^^^^^^                in  biliary  calculi,  £45 

Cyattn,  52,  66                                       '      ■ 

^                    ^Hr     ^^^^'                              ^    ^H 

^L            Cystin,  propertieSi  612 

Diabeted  mellitm,  oxybutyric  acid  in  the         ^^H 

^^^v                  ,  occurrence  in  urine,  461,  462,  512 

blood  in,  535                          ^^H 

^^^H                  ,  occurrence    in    urinary    SLHlioieiita* 

,  oxybutyric   acid   in   the          ^^H 

^^^^H                   61G 

urine  in,  471,  5tO               ^^^| 

^^^^^B         ,  occurrence  in  urinary  calculi,  518 

Diacetic  acid,  509                                                   ^^M 

^^^^^"          ,  occurrence  in  sweat,  529 

in  urine,  500,  507                              ^^H 

V            Cystiniinn,  13,  402,  512 

Diamid,  poisoning;  with,  440                                     ^^^| 

^^^        Cj^sts,  tapevvcjruh  11^5 

,  Diamine  in  the  urine,  13,  463,  512                        ^^H 

^^B                 ,  ovarial.  37:^—376 

in  the  gastric  contents,  13,  512                   ^H 

^H                  ,  thvri>id.  204 

Diamido-acctic  acid,   19,  69                                           ^| 

■             Cytin,  52,  112 

Diamido-caproie  acid.  See  Lysin.  H 
Diamido-valerianic  acid.     See  Ornithin.                       S 

■              Cj'toglobm,  1(5,  101,  112,  163 

■              Cytosin,   110 

Diarrboea,  action  on  the  blood.  176,  178             ^^^| 

Diastatic  enzyme**,  12,  133.  217,  252,  285               ^^M 

■              Domahiric  acid,  463 

.  See  also  other  enzymes,         ^^^B 

■              Dftinolic  acid,  4(33 

DiaHlawe  in  the  blood,  133                                                 V 

V              Defibnnaled   blood,   124 

Diazobenzobsulphonic   acid,   reaction   with          ^^H 

H               DdiydrocUfilaUe  acid,  229 

8Ugar,  82                                                                ^H 

■               Dehydroch oleic  acid,  230 

Dicalcium  casein,  389                                             ^^H 

B               Dt*louior]>liie  or  pnrieUl  cells.  257 

Dichlorpurin,  114                                                       ^^^| 

H               Denijji^'s  reaction  for  uric  acid,  433 

Diet  cures,  590.  591                                                     ^^H 

■               Dentin,  322,  325 

Diet  fc»r  various  classes  of  people,  685—580          ^^^| 

■               Dermoid  cyst,  fat  from.  98 

Dige^slion.  249—316                                                      ^^H 

1                Desamidonlbnniinii.'  acid.  33 

Digestibility  of  food^stuffs,  272,  273.  274,         ^^H 

■               Deacemet's   membrane,  48,  321 

307,  310,  312                                                            ^H 

B               Desoxycholalic  acid,  229,  230 

Digestion  tLnicocyt08is,  178,  427                              ^^H 

■               Dcuteroalbumose,  3rt,  38,  487 

Dimethylanilin    as   solvent   for   uric    acid,          ^^H 

H              DeuteroKclatOiie,  57 

^H 

■               Devoto's  metbod  of  estimating  protelds,  487 

1  Dimethylketone.    See  Acetcme.                             ^^H 

■              Dextrina,  89 

Dioxyacetone,  79                                                     ^^H 

■                             J  formation   from  starch,  89.  253, 

Dioxvbenzol,  479                                                       ^^H 

B 285 

Dioxynaphtbalin,  479                                               ^^^^ 

^^^^^^L              ,  loading  tbe  stomach  with,  269 

Dtoxypyridin,  205                                                      ^^^H 

^^^^^^1             J  occurrence    in    the    gastric    con- 

Disacchartdes,  84                                                         ^^^| 

^^^^H 

in  urine,  309,  505                              ^^H 

^^^H^             f  occurrence  in  iim»elca,  342 

.  inver^on  of,  280,  291,  308            ^H 

^^^^^^             ,  occurrence  in  portal  blood,   173, 

Di^tcaryllecitbin,    103                                                ^^H 

m                                      308 

Doeglic  acid,  0-6                                                         ^^H 

■              Dextrinlikc  iubitAnee  in  tbe  urine,  459 

Dog*s  milk,  300,  397  ^^M 
Dolphin*^  milk,  397                                                  ^^^| 

■             Dextrose,  79—83 

■                                in  blood,  132,  173,  218,  210—223 

Donn^'j^  pus  test,  493                                                ^^^| 

■                                in  urine,  179,  219,  220,  459,  496, 

DotterplDtcben,  24,  376                                            ^^H 

■                                          505 

Dropsical  lluid,  192                                                    ^^H 

■                                in  the  lympli,  183 

Dulcite,  73                                                                  ^^H 

^k                               in  muscles,  342 

,  relationship   to   formaticm   at  gly-        ^^H 

^^^^^H              9  preparation  of,  82 

cogen,  214                                                  ^^^^ 

^^^^^H|             ,  calorific  value  of,  554 

Dysalbumose,  36                                                         ^^^| 

^^^^^r             ,  detection,  82,  407-  500 

Dy^lysin,  231                                                                ^^H 

^^^F                     ,  react ionJ»  of,  80—82 

Dysoxidizable  bodies,  3                                            ^^^H 

^^V                      y  absorption  of,  30^,  3(m 

Dyspeptone,  265                                                            ^^^H 

^r                             ,  quantitative  c«iti mat  ion,  500 — 505 

Dy^pncea,    action    on    proteid    transforma-         ^^^| 

^L^       Diabetes  mellitua,  219—223.  490 

lion.  351,  411,  580                                                   ^^1 

^^^L                                     ,  elimination  of  ammonia 

^^^H 

^^^H                                             hy  the  urine  m,  471 

Earthy  pboaphates,    elimination    by    the        ^^H 

^^^B                                    »  relation^^bip  of  the  liver 

urine,  466,  467.  472          ^^H 

^^m                                              to,  221.  222 

,  aoJubility  in  6uids  rich        ^^^| 

^^^B                                    ,  relationship  of  tbe  pan- 

in  proteid,  325                    ^^^| 

^^H                                             creaa  to,  221,  222,  223 

,  occurrence      in     bone-         ^^^| 

^^^^                             ,  blood  in,  179,  221 

earths,  322—325               ^^H 

^^^^^H                             ^  amount     of     m^r     in 

,  occurrence    in    calculi,         ^^^| 

^^^^B                                     blood  in.  179, 219, 220 

245,   303,   518                       ^^1 

^^^^^^B 

,  occurrence      in      sedi<         ^^^| 

^^^^H                           ,  CU,  in  the  blood  in,  535 

m«nls*  514,  515,516        ^^H 
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Earthy    phosphates.      See    also    different 

earthv  phosphates. 
Ebstein  8  diet  cure,  690 
Echinochrom,  154 
Echihococcus  cysts,  cyst  wall,  523 

,  cyst  contents,  195 
Eck*s  fistula,  413 
Eel,  flesh  of,  256 
Egg,  376 

,  hen's,  376—384 

,  absorption  in  the  intestine,  307 
,  incubation  of,  382,  383 
Egg  albumin  (see  Ovalbumin),  379 
Egg-shell,  51,  381 
Egg  yolk,  376 
Ehrlich's  test  for  bile-pigments,  496 

urine  test,  511 
Eiselt's  reaction  for  melanin,  493 
Elaidic  acid,  95 
Elaidin.  95 
Elastin  albumose,  54 
Elastinpeptone,  54 
Elastin,  16,  53 

,  behavior  with  gastric  juice,  266 
,  behavior  with  trypsin,  290 
Eleidin,  521 
Elephant  bones,  322 
milk«  397 
tusk,  326      ' 
Ellagic  acid,  304 
Emulsin,  11 
Emydin,  382 
Enamel,  325 
Encephalin,  361,  362 
Endolymph,  369 

Energy,  potential,  of  food-stuffs,  554 — 562 
Enzymes,  in  general,  9 — 12 

,  diastatic,    in    pancreatic    juice, 

284,  285 
,  diastatic,  in  blood,  133,  217 
,  diastatic,  in  bile,  237,  291 
,  diastatic,  in  urine,  462 
,  diastatic,  in  liver,  217 
,  diastatic,  in  lymph,  184 
,  diastatic,  in  muscles,  338 
,  diastatic,   in   secretion   of  intes- 
tinal mucosa,  280,  281 
,  diastatic,  in  saliva,  252,  253 
,  proteolytic,  in  intestinal  mucosa, 

281 
f  proteolytic,  in  urine,  462 
,  proteolytic,  in  stomach,  257,  260, 

261  * 
,  proteolytic,  in  pancreas,  284,287 
J  proteolytic,    in    plant    kingdom, 

261 
,  proteolytic,    in    lower    animals, 

261 
,  steatolytic,  12,  284 
,  coagulating.       See     Fibrin     fer- 
ment   and    Rennin    or    Chy- 
mosin. 
^  urea  forming,  in  the  liver,  412 


Enzymes,  urea  splitting,  9,  514 
Epiguanin,  115,^435,  437 
Episarkin,  115,  435,  436 
Erucic  acid,  92 

,  absorption  of,  311 
Erythrit,  relation  to  glycogen  formation, 

214 
Erythro-dextrin,  89.  253 
Erythropsin.     See  Visual  purple. 
Esbach*s   estimation   of   proteid  in  urine, 
488 
estimation  of  urea  in  urine,  422 
Esters,  behavior  with  pancreatic  juice,  286 
Ethal,  98 
Ether,  action  on  the  blood,  137,  159 

,  action  on  the   secretion  of  gastric 

juice,  258 
,  action  on  the  muscles,  346 
Ethereal  sulphuric  acids  in  the  bile,  226, 

239 
Ethereal  sulphuric  acids  in  the  urine,  294, 

443—455,  477,  481 
Ethereal  sulphuric  acids  in  sweat,  528,529 
Ethereal  oils,  action  on  muscles,  346 
Ethyl  alcohol,  production  in  the  intestine, 
293 
,  passage  of,  into  milk,  404 
,  behavior     in     the    animal 

body,  577 
,  action  on   the  secretion  of 

gastric  juice,  258 
,  action  on  the  muscles,  346 
,  action  on  metabolism.  577 
,  action  on  digestion.  265,273 
EtLylamin,  solvent  for  uric  acid,  432 
Ethyl  benzol,  behavior  in  the  animal  body, 

479 
Ethylen  glycol,   relation   to   formation  of 

glycogen,  214 
Ethylenimin.     See  Spermin. 
Ethyl  idene-lactic  acid,  342.    See  also  other 

lactic  acids. 
Ethyl mercaptan,   behavior   in    the   animal 

body,  477 
Ethyl-sulphuric  acid,  behavior  in  the  ani- 
mal body,  477 
Ethyl  sulphide,  formation  from  proteid,  10 
,  behavior     in     the    animal 
body,  477 
Euxanthic  acid,  460,  482 
Euxanthin,  460,  482 
Excrements,  300—303 

in  dogs  with  biliary  fistula, 

299 
in  starvation,  548,  549 
Excretin,  302 
Excretolic  acid,  302 
Exostasis,  324 
Expectorations,  544,  545 
Extinction  coefficient,  153,  154 
Extracellular  action  of  enzymes,  10 
Exudations,  188—196 
Eye,  364—369 
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Ffieces.    See  ExercmenU, 

Fehlin^'s  solution,  81,  501—503                        ^^H 

Fat,  orighi  it*  the  body,  337—331,  667,  668 

Fellic  acid,  231                                                        ^^H 

,  general   properties,   detection   and   oc- 

FermenUiion,  5,  9,  10,  76,  80,  81                         ^^M 

ciirrenee,   9il— tHI 

in  the  intestine,  293                    ^^H 

,  emiilBification    of,    93,   281,   287,   292, 

in  the  urine,  459,  513,  514          ^H 

310— 315 

in  the  gastric  contents.  27 1>        ^^B 

in    blood    e«rum,    132,    134,    171,    176, 

274,  275                                              V 

170 

.  See    also    various    fermenta-        ^^B 

in  eliyle,  184,  185 

tions,  alcoholic,  etc.                  ^^H 

in  vuik  of  egg,  377 

Fermentation  lactic  acid,  properties,  occur-        ^^H 

in  pu*,  lirti,  107 

rence,  etc,  343,  344                                                      ■ 

in  i>xtreinentfi,  302,  312,  313 

Fermentation  lactic  acid  in  the  brain,  359                ■ 

in  fuity  tissuea,  320 

Fermentation    lactic    acid    in    the    gastric               ■ 

in  bile,  23ft 

contents,  271                                                                   ■ 

in  the  brain,  359 

Feroientation  lactic  acid  in  gastric  juice,               H 

in  the  nrin^,  511 

200                                                                                     ■ 

in  bonts.  323,  325 

Fermenl^ition  lactic  acid,  formntjon  of,  in               ■ 

in  the  liver,  208 

the  souring  of  milk,  380                                                H 

in  milk,  388,  397,  402.  403 

Fennentiition  lactic  acid,  detection  in  the         ^^B 

in  nniftelea,  relational! ip  to  work,  345 

ga»tric  contents,  277                                              ^^H 

in  new-boni  and  children ,  320 

Fermentation  test  in  the  urine,  498.  503            ^^H 

in  subcutaneous  connective  tiseue,  208 

Ferments  in  general,  9,  10                                        ^^H 

,  ealontle  value  of,  5M.  555 

.  See  also  various  enxymca.                   ^^H 

,  nutritive  value  of,  554— 566,  566,  572, 

Ferratin,  207                                                           ^^H 

570 

Fevers,  elimination  of  ammonia  in,  471             ^^H 

,  rancidity  of,  94 

,  elimination  of  uric  acid  in,  428               ^^H 

,  absorption  of,  310—315 

,  elimination  of  urea  in.  411                        ^^H 

,  behuvior  with  the  intestinal  juice,  281 

,  elimination   of  potassium   salts  in*       ^^H 

,  behavior  with  gustric  juice.  206 

470                                                                 ■ 

,  behavior    with    pancreatic   juice,   285, 

,  metabolism  of  proteids  in,  411               ^^^B 

280.  313 

Fibres,  elastic,  in  N|mtum,  545                          ^^^| 

,  saponification  of,  03,  00,  07,  285,  280, 

,  reticulate,  310                                              ^^H 

292,   313 

Fibrin,  10,  124,  120                                                       ■ 

,  action  of,  on  the  secretion  of  bile,  224 

,  occurrence     in    transudations,     188^        ^^B 

,  action  of,  on  the  secretion  of  gastric 

191-195                                                     ^H 

juice,  250 

.  Henle's,  370                                                   ^^H 

,  action    of,   on    the   secretion   of   pan- 

Fibrin compulation,  127—129.  160—168              ^^H 

creatic  juice,  283 

Fibrin  calculi,  303.  519                                            ^^H 

,  iodized,    behavior    of,    in    the    animal 

Fibrin  digestion,  2(53,  276,  288                             ^^H 

body,  327,  403 

Fibrin  ferment.   12,  127,  128,   163—168               ^^1 

,  eetimation  of,  07,  08 

Fibrin  fonnation,  127—120,  100—108                 ^^1 

,  metatyolism  of,  in  activity  and  at  rest. 

Fibrin  globulin,  128,  132                                         ^^1 

352,  ass 

Fibrine  soluble.     Sec  f?erglobulin.                       ^^H 

,  metabolism  of,  in  Btan'ation,  559 

Fibrinogen,  10.  125—129,  105,  100.  163,  180         ^H 

,  metabolism    of,    with    various    foodSt 

Fibrinolysis,   127                                                       ^^H 

607,  508,  672—570 

Fibrin opiastic  substance,     8ee  Serglobulia^        ^^H 

FatcellB,  326 

Fibroin,  10,  58                                                                   ■ 

• 

Fat'«weat,  527 

Filtration,  relation  to  absorption,  320                      ■ 

Fatty  acidft,  general    properties,  detection 

,  relation    to    Ivmph    fonnation,              H 

and  occurrence,  01—90,  320 

^^1 

,  fiolubility  in  bile,  292,  311 

Fischer- WeideFs  reaction,  117                              ^^^| 

,  absorption  of,  310,  311 

Fish- bones.  324                                                          ^^H 

,  8yn thesis     to     neutral     fats. 

Fish  egg?;,  24,  377,  382                                          ^^| 

310,  327 

Fish^Bcales.  58.  117                                                  ^^1 

Fatty  degeneration,  208.  328 

Fi^h,  swimming  bladder  of,  117,  543                 ^^^^ 

Fatty  infiltration,  208 

Flesh,  accumulation  of,  with  various  foode^       ^^H 

Fatty  series,  behavior  of  members  in  the 

567,  569,  572—576                              ^H 

animal  body,  470 

,  metabolism,  in  T^lnrvation,  558                ^^^| 

Fatty  tissue,  320 

,  metibolitsm,     with     variou*     foods,       ^^B 

,  behavior   with    gastric   juice, 

50th    576                                                        ■ 

206,  271 

Flesh  quotient,  350                                                  ^^B 

Feathere.  51,  521 

Fluorine  in  Imnes,  322                                           ^^^| 

1 

,  pigment*  of,  525 

in  enamel,  320                                     ^^^| 
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^B               Fly-maggotflf  formation  of  fat  in^  328 

Galact4>se  from  cerebrin,  361                      H 

^m                Fonetmu  murtiale,  210 

,  relation    to    formatioa  of  gly*  H 

^M               Fouda,  iitJlueuee  on  the  ^cretion  of  intes- 

cogen,  216                                ■ 

^^^H                           tiniit  juk-e,  280 

GaJlaeetophenon,    t>ehavior   in  the  uunul  ^M 

^^^B                 ,  influence   on   the  eecretion  of  bile, 

body,  482                                                          | 

^^^^^                  1124,  225 

Gallic  acid  In  urine,  451                               1 

^^^^^^^h         ,  inlluence  on  the  s^ecretion  of  gastric 

GaUois's  inosit  test,  342                                1 

^^^^H                 juioe.  259— 2m> 

Gaitoae,  75                                                            ■ 

^^^^^^^1          ,  intiuenee   on    the   eecretion   of  pan- 

Gas,  exchange  of,  in  various  ages,  57'' 

^^^^^H                  creatic  juice,  283— 2S4 

,  exchange  of^  through  the  skin^  o.* 

^^^^^^^H          f  influence  on  the  elimination  of  am- 

,  exchange  of,  in  starvation,  552,  i»7, 

^^^^H 

559 

^^^^^^^H          p  inHueDee  on  the  elimination  of  uric 

,  exchange  of,  in  various  conditiooi  ol 

^^^^H 

the  body,  352,  559,  561,  5T8,  580^ 

^^^^^^H         ,  influence  on  tlio  elimination  of  urea, 

581 

^^^^H 

,  exchange  of,  in  the  muscles,  316. 552 

^^^^^^H          ,  influence  on  the  elimination  of  00, , 

,  exchange  of,  with  various  food-stuHiv 

^^^^H 

678 

^^^^^^^B          ,  influence  on  the  elimination  of  min- 

,  exchange  of,  abstinence  value  of,  5^1,      i 

^^^^^H                  eral  bofjieri,  iVA,  Mil  4m,  473 

578                                                        ■ 

^^^^^^^H          ,  influence     on     the     elimination     of 

Gases  of  the  blood,  530-^535                       ■ 

^^^^^^^1                  xanthin   bodies,  434 

of  the  intestine,  296                          ^M 

^^^^^^H          ,  influence  on  fceecB,  301,  307,  549 

of  the  bile,  240,  535                          ^ 

^^^^^^^H          ,  influence      on      uietalxilisini      &62— 

of  the  urine,  473,  536                 ^^H 

^^^^H 

of  the  hen's  egg,  382,  383         ^^^| 

^^^^^^H          ,  variou»^,  rieh  in  proteid,  5ti€ — 509 

of  the  lymph,  184.  535               ^^B 

^^^^^^H          ,  variouB,  mixed,  iiO(( — 5H0 

of  the  milk,  395,  400,  536                V 

^^^^^^w           ,  in«uincient  !iu|jply  of»  503 — 556 

of  the  muscles,  346,  34B,  352     ^^M 

^m               Food-etufl's,  necessity  of*  546 

of  the  transudations,  190,  534$    ^^H 

^m                                   f  eonj  bust  ion  heat  of,  654 — 556 

in  pancreatic  digestion,  287      ^^^H 

^M               Formaldehyde,  fomiution  in  plants,  1»  79 

Gastnc  catarrh,  275                                ^^H 

^^^^                                   ,  couibiimticm  with  |irateid,33 

Gastric  contents.     See  Chyme.             ^^^| 

^^^^L                                 J  combination  with  urea,  417 

Gastric  fistula,  258                                 ^^H 

^^^^P                                 ,  relation     to    sugar    forma* 

Gastric  juice.  258                                   ^^H 

^^^                                         tion,  79 

,  secretion  of,  258,  259     ^^| 

^m               Formanilid,  behavior  in  the  animal  body, 

,  estimation     of     acidity. iflH 

■                    (foot-note),  479 

27<^-279                           ^ 

^B               For.  1  lie  aeid  in  butter,  3d8 

,  relation  to  intestinal  potit^ 

^^^»^                             in  gastric  contents,  279 

faction,  300                       ^ 

^^^h                           ,  passage  of,  intu  nnm*,  459, 473 
^^^m                              horn  deava^e  of  nucleic  acid, 

,  artifietal«  2412                        jM 

,  action    of,    263 — ^266,   270-*^| 

V                               no 

270.  391,  398                      ■ 

H                Frog*8  eggs*  membrane  of,  45 

Gastric  mucosa,  258,  259                             ■ 

^m               Fruetosamin,  523 

Gelatin,  56                                                     ■ 

^m               Fnictos4?,     See  Levutose. 

,  relation    to    glycogen    fonnatioqfl 

H                Fruit-sugar.     See  Levulose. 

m 

■                 Fumlu}*  glands.  257,  200 

,  putri^fiicl.lon  of,  64,  294                ^1 

^m                FuTipi,  p:lyeogen  t  herein  t  211 

,  nutritive  value  of,  570.  571         ^M 

H                 Fumarie  acid,  22 

,  behavior  with  gnstrto  juice,  2MS 

^m                Fdrbringer's  albumin  reagent,  486 

,  behavior    wtUi    pancj'eatic    juk%^ 

^H                Furfiiracrykiric  acid,  481 

290 

^^^^        Furfurol    from  glycuronic  aeid,  461 

Gelatin  and  the  detection  of  trypsin,  288 

^^^^L                          from  pentoses,  78 

Gelatin-forming  substances  (see  Collagen)* 

^^^^L^^               ,  relation  to  proteid  reactions,  23 

54 

^^^^^^L              ,  relation     to     Pettenkofer'a     bile- 

Gelatin  peptones,  56                               ^^^^1 

^^^^^^H                     acid  tests, 

Gelatin  sugar.     See  GljcocolL            ^^^^H 

^^^^^^B             ,  reagent  for  urea.  41G 

Gelatinous  tissues,  316                          ^^^B 

^^^^^^H             f  behavior    in    the    animal    body. 

Gelatoaes,  56                                                  ■ 

^^^mr 

,  relation    to    blood    coagulatiaBi™ 

V               Fusein,  366 

124 

Gentisic  acid,  451 

^M               flii]ncinj\iv  acid,  84 

,  behovior  in  the  animal  bodji 

^^^        Caiactose,  73,  84,  89,  391 

482                             ^^^ 

^^B"      ^HH^^^H    ii^i>^x                              ^M 

I             Gentisie  aldehyile,  452 

Glycogen^  relation  to  formation  of  su^^r,         ^^M 

■              Gerhardt's  diaretic  add  reactioDi  509 

217—222,  253                                       ^M 

I             Germ  of  the  hen  s  egg^  IHtl 

,  occurrence  in  sputum,  545                    ^H 

■             Globhi,  m,  147 

,  occurrence  m  muscles,  342                     ^^H 

■              Globulk'ida!  bodies  in  serntii,  181 

,  occurrence  in  I  he  lung^,  545                  ^^M 

■              GlobuiiDs,   16 

,  occurrence  in  the  lymph,  1H4                ^^H 

■                            ,  general  characteristics,  30 

,  occurrence    in    prolop  asm,    100,         ^^H 

^^__                        in  urin^,  487 

105.  150,  107                                          ^H 

^^M                         m  proto[)bi»mt  100,  101 

Glycolysis,  133,  184                                                        ^ 

^f                     .  See  al^  the  different  globuliua. 

(ifycolytic   enzyme,   133,  223                                        H 

Globuloses,  3U 

Glyconucleoproteids,  50                                                   B 

Ghicase.  133,  252,  253,  266 

Glyeoproteids,   lU.  44—50,   102,  380                        ■ 

Gluco€j'anhydrm»  73 

Glycosuria,  220—224,  490                                         ^H 

Glueoheptose,  73 

,  alimentary,  220,  308                            ^^H 

Gluconic^  72 

Glycosuric  acid,  451                                                  ^^H 

Glucoprotein*    18 

Glyeuron,  4tS0                                                             ^H 

Glucosamin  from  chit  in,  522 

Glycuronic  acid,  relation  to  formation  of         ^^H 

fruni   i-artiliige,  318 

jt.dyi\»gen,   214                          ^^H 

from  ovonmeoid,  381 

,  proper ticH,  4ii4:)                                ^^H 

Glueosan,  80 

,  conJHKated,  445,  440,  400         ^H 

Ulucose.    See  Dextrose. 

,  conjugation    of,    in    the         ^^H 

Glucosides,  75,  77 

body,  477,  482                       ^H 

Glucofioxinie,  73 

,  occurrence    in    cartilage*         ^^M 

Glutamic  aeitl,  07 

318,  4(K)                                    ^H 

Gluten  protein,  43 

Glyo%yl  diureid.    See  Allantoin.                            ^H 

Glutiu,     See  Gelatin. 

GmelJn's  test  for  bile-pi^nnents,  235                       ^H 

Glntulin.   130 

test   for   bile  pigment i»   iji    urine^          ^^H 

G Intone,  75 

494                                                             ^H 

GlycHlanin,  58 

Goat's  milk,  390.  397                                              ^H 

Glycerin  aldehyde,  70 

Goose  fat,  absorption  of,  312                                  ^^H 

Glycerin,  relation  to  formation  of  gly<K)gen, 

Gorgon  in,  58                                                            ^^H 

214 

Gout,  elimination  of  uric  acid  in,  427,  42S         ^^H 

,  Bolvent  for  enzymes,  11 

!   Graafian   foUieles,  372                                               ^^1 

Glycerophosphoric  acid,  M)3, 178, 11)9,204,237 

Grape-moles,  384                                                         ^^H 

Glycerophosphorie  acid  in   arinc,  459,  4(J2 

(ivrtpe  Hugar.    8ee  Dextrose.                                  ^^H 

Glyein.     See  OlycocolL 

Guaiaeum  blood  test,  401                                           ^^H 

Glycocholic  acid,  227,  228,  239 

Guauin,  115                                                               ^^H 

,  properties,  227.  228 

,  propertied    and    occurrence^    117,          ^^H 

^m                                f  «x^currence       in       excre- 

lis                                               ^H 

^^H                                        menta,  297 

in  urine,  435                                              ^^H 

^^H                               ,  occurreuce    in    bile   from 

Guanin  calcium,  117                                               ^^H 

^^H                                        various^  animals,  240 

Guanin  gout,  117                                                    ^^H 

^^^^^                           ,  ahoorption  of,  315 

Guano,  117,  427                                                         ^H 

^^^^H                         ,  behavior     to      intestinal 

Guano- bile  acids,  228                                               ^^H 

^^■■f                                  putrefaction.  207 
■            Olycocholates  from  rodents.  228 

Guano vulit,  382                                                          ^^H 

Guanylic  nciit,  100,  HO                                             ^^1 

^            GlycocoU,  00 

(lukmic  acid  lacton.  460                                            ^^H 

^^^B                     J  properties,  231 

Gulose,  78,  83                                                           ^^H 

^^H                    ,  formation  from  gelatin,  55,  204 

Gums,  various.  88^90                                              ^^H 

^^^^^H             ,  formation    from    other    protein 

animal,   45                                                       ^^H 

^^^^^B                     substances,  53,  50 

,  animal,  in  urine,  459                                    ^^H 

^^^^^H            ,  relation    to    formatiom    of    uric 

Gunning- Lei  ben's  acetone  reaction,  508                 ^^H 

^^^^H 

GUnzberg's  reagent  for  free  HCl,  277                    ^^B 

^^^^^H            ,  relation    to   formation    of   urea, 

^^^H 

^^^^B 

Ibrmatai^romcter,    530                                             ^^^H 

^^^^^P           ,  synthesis  with  glycocoll,  2,  440, 

Hsematin,  148                                                              ^^1 

m                                       480,  481 

,  relation  to  bilinibin.  243                      ^^H 

1            Glycogen,  88,  lOO,  211—223 

,  relation  to  urobilin,  243                       ^^H 

^^v                      ,  origin  of,  214—218 

,  properties,   140                                         ^^H 

^^H                    ,  genenil  chemical  behavior,  212 

Hiematinometer,  153                                                  ^^^| 

^^H                    ,  relation    to    muscular    acfctyity, 

Itivninttnic  acids,  140                                                ^^^^B 

^^M                              348,  352 

Hn^mnloblast'^,   150                                                    ^^^M 

^^^^^^           ,  relation  to  muscle  rigor,  347 

Ilcematochlorin,  383                                               ^^H 
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Haematocrit,  169 
Heemtogen,  377,  382 

Hseinatoglobulin.     See  Oxyhemoglobin. 
Hsematoidin,  152 

,  relation  to  bilirubin,  152,  233, 

243 
,  properties,  152 ' 
,  occurrence  in  sputum,  545 
,  occurrence   in  corpora  lutea, 

373 
,  occurrence      in      excrements, 

302 
,  occurrence  in  sediments,  516 
Hsematolin,  150 

Haematoporphyrin,    relation    to    bilirubin, 
151,  243 
,  relation      to      urobilin, 

151,  455 
,  relation      to      protein- 

chromogen,  289 
,  properties,  151 
,  occurrence      in      urine, 

455,  492 
,  occurrence      in      lower 
animals,  525 
Hsematoporphyrinuria,  492 
Heematoscope,  152 
Hsematuria,  490 
Haemerythrin,  154 
Hapmin,  149,  150 
Hasmin  crystals,  150,  491 
Haemochromogen,  139,  147,  148 

,  properties  of,  148 
,  occurrence     in     muscles, 
338 
Hapniocyanin,  154 
Haemoglobin,  44,  143 

,  composition  of,  139 

,  properties  and  behavior,  143 

,  quantity  in  blood,   139,   171, 

172—178 
,  quantitative   estimation,   153, 

154 
,  behavior  in  tryptie  digestion, 

290 
.  See  also  oxy haemoglobin  and 
the  combinations  of  haemo- 
globin with  other  gases. 
Haemoglobinuria,  490 
Ha?!nomieter.  154 
Haeser'a  coeflieient,  474 
Hair,  51,  521 

,  ash  of,  521 
,  pigments  of,  524,  525 
Hair-balls,  303 
Half-rotation,  70 

Halogens,  action  of,  on  proteids,  23 
Hanimarsten's   reaction    for   bile-pigments, 
2.35 
reaction  of  bile-pigments  in 
urine,  495 
Haptogen-membrane,  387 
Heat,  action  of,  on  metabolism,  5T9,  5d3 


Heat  of  combustion  of  various  food-stuffg, 
654—556 
,  loss  of,  through  the  skin,  529,  583 
generated  in  plants,  2 
Helicoproteid,  16,  50 
Heller's  albumin  test,  26 

albumin  test  applied  to  urioe,  485 
Heller-Teichmann's  blood  test,  491 
Hemialbumose,  35 
Hemicelluloses,  91 
Hemicollin,  56 
Hemielastin,  54 
Hemipeptone,  35 
Hemp-seed  calculi,  517 
Hen's  ^g,  376—784 

,  incubation  of,  382,  383 
Herring,  spermatozoa  of,  59 
Heteroalbumose,  36,  38,  488 
Heteroxanthin,  115 

in   urine,  436 
Hexobioses,  84 
Hexon  bases,  68    — 
Hezoses,  78 — 84 

from  nucleoproteids,  50 
from  nucleic  acids,  flO 
.  See  also  the  various  h^oses. 
High  altitude,  action  on  the  blood,  179 
Hippokoprosterin,  248 
Hippomelanin,  524 
Hippuric  acid,  440 

,  properties     and     reactioM, 

442 
,  formation   in    the  body,  2, 

440,  441,  480 
,  cleavage  of,  440,  442 
,  occurrence  of,  440,  441 
as  sediment,  516 
Histidin,  19,  24,  59,  60,  69 
Histon,  61,  111,  167,  201 

in  urine,  490 
Histozyme,  443 
Hofmann's  tyrosin  test,  65 
Holothuria,  mucin  of,  48 
Homocerebrin,  360—362 
Homogentisic  acid,  446,  450—452 
Hopkins's   method    for   the    estimation  of 

uric  acid,  434,  435 
Hoppe-Seyler's  CO  blood  test,  146 

xanthin  test,  117 
Horn,  51,  521,  526 
Horn  substance  in  the  gizzard  of  birds,  62 

.  See  also  Keratins. 
Huckleberries,  coloring  matter  of,  in  urine, 

483 
Human  milk,  397—401 

,  behavior    in    the    stomach, 

270,  398 
,  composition,  398 
Humin  substances  in  urine,  453 
Humor,  aqueous,  194 
Huppert's  reaction  for  bile-pigments,  235 
reaction     for    bUe-pigmentt    in 
urine,  495 


^^^r        nl^^^^^^H                   ^^^^^^^^■611    ^H 

^^       Hyalines,  48 

Hypogaeic  acid,  08                                                     ^^H 

^H                          of  the  walls  of  hydatid  cysts,  523 

Hy pophyt^is  cerebri,  iixlothyrin  therin.  2Q3          ^^M 

^H                        of  Hcnidu's  fiubHtance,   101,  137, 

Hypoi^ulphiteg  in  ibe  urine,  4G2,  470                     ^^M 

'                                 15G,  lyi 

Hyposumthin,  115                                                     ^H 

Hyalogens,  48 

t  relation  to  the  formation  of         ^^M 

Hyalomufoid,  3(50 

uric  acid,  42U                                 ^^| 

HviiloiiUi^m,  luti 

.  projiertie^s,   118                                   ^^^^ 

Hydatid  cysts,  523 

.  passage  of,  into  urine,  435             ^^M 

Hydrai-rylic  acid,  342 

^^H 

Hyttra'iiiia,   177 

Ichtliidin.  377,  382                                                    ^^H 

Hydramnioii,  3S4 

lehthin.  382                                                                    ^H 

llvdriizons,  73 

IrlUhulin.  10,  49,  377,  3d2                                      ^H 

Hydrobilirubin,  233,  234 

Icbtliylepidin.  58                                                       ^^M 

,  relatioti  to  urobilin,  454 

Icterus,  224.  244,  245                                                 ^H 

HydroeeJf*  Hiiids,  193 

in  blooil,  180                                                  ^^1 

Hyditxliinon,  447,  483 

urine,  404                                                ^^H 

Hydrochinon- sulphuric  acid,  443,  447 

Immunity,   14                                                             ^^^M 

Hydrochloric    acid,    secretion    in    »tonmch, 

Incttbation  of  the  egg,  382^384                            ^^B 

^m                                                 2m,  268,  275 

Indican  le^t,  Jatft'V,  448                                        ^^H 

^^■^                                     t  anti  fcrmentive    action 

,  Obermeyer's,  440                               ^^H 

^^^^ 

Indican,  urine,  447—440                                         ^^M 

^^^^^H                            ,  action  of,  on  secretion 

,  elimination  in  ^tar\*ation,  207,447          ^^M 

^^^^^H                                    of    pancreatic    juice, 

,etiiiiination  in  iliHeasc,  447  <  448                ^^M 

^^^^B 

Indigo,  448                                                                   ^M 

^^^^^H                             t  aclton   of,   on    p\''^rus, 

in  aweat,  520                                                ^H 

^^^H 

in  urinary  Bedimenta,  51(S                           ^^1 

^^^^^H                               ,  quantity     of,             the 

Indigo  blue,  448,  453                                                ^H 

^^^^^H                                       gastric  juiee^  20Q 

indoi,  pro|jerties,  205,  206                                         ^^H 
,  formation  frum  proteid,  18^  20                     ^^U 

^^^^^H                               ,  quantitative  estimiiticm 

^^^^^H                                       in    jiai^tric    contents, 

,  fornmtinn  in  putrefaction,  294.  2^7*         ^^| 

^^^H 

443,  447                                                         ^H 

^^^^^1                             »  reaju'cnt.s    far    free   HO 

,  behavior  in  animal  body,  470,  482            ^^M 

^^^^^H                                     in    jTustric    contents, 

Indopbenol  blue.  5,  7                                                 ^^H 

^^^F 

Indoxvl,  443,  447                                                         ^H 

m             Hydrocinnamic  acid,  behavior  in  the  ani- 

Indoxyl  glycurontc  acid,  447,  440,  482                  ^H 

1                    nial    body,  441 

Irdoxvl  re<l,  440                                                          ^H 

1               Hydrocyanic  acid,  action  on  peptic  diges- 

Indoxybsulphuric  add,  443,  447—440                   ^M 

L                                                      tion,  265 

Inosinic  acid,  338,  340                                               ^^M 

^^m                                      t  action    on    tryptic    di- 

InoBit,  properties  and  occurrence,  341                  ^^M 

^^P                                               gestion,  2BU 

in  urine,  54)0                                                  ^^H 

^^™^                                      ,  combination          with 

,  relation   to   formation   of  glvcogcn,        ^^M 

■                                                          luvmoglobin,  147 

^H 

I              Hydrogen  in   putrefactive  and  ferraentive 

InteMina]   i.aleu1t,  mi                                                ^^H 

■                    processes,  8,  204,  21K> 

Intestinal  ronienlH,  201—303                                  ^^B 

^^^        Hydrogen  peroxide  in  urine,  473 

Inte.siimil  (\sinUi,  280.  203                                         ^^1 

^^^                                          in  oxidations,  6 

Intestinal  gaHCs,  2fH.  200                                        ^^1 

^^f                                       ,  decomposition     of,     by 

Intci^tinal  juiee,  280—282                                        ^^H 

enzymes,  11 

Intc^itinfll   nnicoi^ii,  280                                             ^^H 

Hydrolytic  cleavages,  8,  » ' 

Intestine,  putrefactive  proceaaes  in,  293—         ^H 

*  See  also  the  various 

300                                                          ^H 

cleavages. 

,  reaction  in,  203,  300                              ^H 

Hydronephrosis  fluid,  mi 

,  absorption    in,    208-^300,    304—         ^H 

H yd  roparacii marie  acid   in  putrefaction  in 

310                                                         ^H 

thp  intcj^tine,  204 

,  digestive  processes  in,  201 — 204           ^^H 

Hycjrflycocholic  acid,  228 

Intracellular  enzyme  action.  10                             ^^H 

Hy]>eru!buniinosi»,    178 

Inulin,  83.  88                                                              ^^1 

HyperglyctPtnia,  220 

,  relation  to  formation  of  glycogen,        ^^H 

t               Hypcrinoftis,  178 

^m 

HypcriMtonic  solutions,  159 

Inversion,  85,  210,  201;.  280,  201,  306                    ^H 

Hypinosis*  178 

Invertin,   12.  Hi!,  280,  308                                        ^^1 

HyjHJUotonic  solutions,  15f> 

Invert -sugar,  84                                                          ^^H 

Hyi>noticM,  relation   to   formation   of  gly- 

Io4lides  and  ^^eiretion  of  gastric  juice,  20S       ^^H 

^^           t'ogen^  214 

Iodine  equivalent^  07                                                ^^H 
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Iodine,  passage  of,  into  milk,  404 
,  passage  of,  into  sweat,  529 
,  passage  of,  into  saliva,  256 
Iodized  albuminates,  23,  58 
Iodized  fats,  327,  403 
lodo-cholalic  acid  compound,  220 
Iodoform,  behavior  in  the  animal  body,  477 
test.  Gunning's,  508 
test,  Lieben's,  608 
lodogorgonic  acid,  58 
lodospongin,  58 
lodothyrin,  201,  203 
lones,  relation  to  ferment  action,  12 
Iron  in  blood,  134,  170,  171 

in  blood-pigments,  139,  148,  150,  153, 

243 
in  bUe,  238,  243 
in  urine,  472 
in  the  liver,  209,  210,  243 
in  milk,  395,  399,  401 
in  the  spleen,  199,  200 
in  muscles,  345,  354 
in  new-bom,  199,  210,  401 
in  protein  substances,  1,  16,  31,  113, 

199,  207,  243 
in  cells,  121 
,  elimination  of,  238,  243,  256,  472 
and  blood  formation,  176,  377 
,  absorption  of,  176 
granules  in  the  spleen,  199 
Iron  salts,  elimination  by  the  urine,  472 
,  action  on  the  blood,  176 
,  action  on  trypsin  digestion,  289 
,  absorption  of,   176 
Iron   starvation,  505 
Ischuria  in  cholera,  528 
Isocholesterin,  246,  248 

in  vemix  caseosa,  526 
Isocreatinin,  338,  339 
Isodulcite,  78 
Isodynamic  law,  556 
Isoglucosamin,  74 
Isomaltose,  84,  86,  253,  285 

in  urine,  459 
Isosaccharin,     relation     to    formation     of 

glycopfen,  214 
Isotonic  solutions,  159 
Isotropous  substance,  332 
Ivory,  320 

JafTC's  indican  test,  448 

creatinin  test,  424 
Janthinin,  526 

Japanese,  nutrition  of,  585,  586 
Jaune  indien,  460 
Jecorin,  105,  172,  199 

,  properties  and  occurrence,  209 
Jequirity  bean,   14 
Jolles*s  reaction  for  bile-pigments,  495 

Kairin,  action  on  the  urine,  483 
Kaufmann's  method  of  studying  metabo- 
]ism,  553 


Kephalines,  359,  362 
Kephir,  392 

,  anti-putrefactive  action,  298 
Kerasin,  360,  362 
Keratinose,  52 
Keratins,  16,  51,  52 

,  properties,  51,  52 
,  behavior  in  the  stomach,  266 
,  behavior   with   pancreatic  ju^^ 
290 
Ketoses,  72,  74 
Kidneys,  406 

,  relation    to    formation    of    Mrie 

acid,  431 
,  relation  to  formation  of  urea,  4li 
,  relation  to  formation  of  hippurie 
acid,  442 
Kjeldahl's  method  of  determining  nitrogen, 

417 
Knapp's  titration  method,  503 
Knee-joint  cartilage,  320 
Knop-Hiifner's    method     for    determining 

urea,  421 
Koprosterin,  247,  302 
Kumyss,  392 
Kyestein,  516 
Kynurenic  acid,  451,  452,  463 

Laborer,  diet  of,  585,  590 
Lactalbumin,  16,  391 
Lactase,  281,  392 

Lactates.    See  Lactic  acids,  also  344. 
Lactic-acid  fermentation,  76,  81,  271,  274, 

276,  342.  386, 
392 
in  intestine. 292. 

308 
in   stomach,  274, 

276 
in      milk,     386, 
396 
Lactic  acids,  342—345 

in  intestine,  293 
in  urine,  343,  429,  459 
in  bones,  324 

in  stomach,  260,  270,  274 
,  relation  to  formation  of  uric 

acid,  429 
.  See  also  Paralactic  and  Fer- 
mentation lactic  acids. 
Lacto-caramel,  392 
Lacto-globulin^  391 
Lactones  of  varieties  of  sugars,  72 
Lacto-phosphocamic  acid,  391 
Lacto-protein,  391 
Lactose.     See  Milk-sugar,  391 
Laevo-lactic  acid,  342 
Laiose,  505 
Lanoceric  acid,  527 
Lanolin,  248 
Lanopalmitic  acid,  527 
Lanugo  hair,  384 
Lard,  absorption  of,  312 
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Latebra,  376 
Laurie  acid,  92 

in  butter,  388 
in  spermaceti,  98 
Laxatives,  action  on  the  blood,  178 
Lead    colic,    elimination    of    urobilin    in, 

456 
Lead  in  the  blood,  170 
in  the  liver,  211 
,  passage  of,  into  milk,  404 
Lecithalbumins,  31 

,  relation    to    secretion    of 

gastric  juice,  269 
,  relation     to    secretion    of 
urine,  405 
Lecithin,  properties,  occurrence,  etc.,   103, 
104 
in  milk,  399 
,  action  on  coagulation  of  blood, 

166 
,  putrefaction  of,  104,  297 
,  relation    to    muscular    activity, 
350 
Legal's  acetone  reaction,  509 

indol  reaction,  259 
Legumin  from  peas,  43 
Leinolic  acid,  92 
Lens  (see  Crystallin  lens),  367 
,  capsule  of,  367 
,  fibres  of,  367 
Leo's  method  for  determination  of  acidity, 
278 
sugar,  505 
Lepidoporphyrin,  525 
Lepidotic  acid,  525 
Lethal,  98 
Leuceemia,   blood,  115,  178 

,  uric  acid,  elimination  in,  200, 

427,  428 
,  xanthin    bodies    in,    115,    178, 
435 
Leuceines,  18 
Leucines,  18 
Leucin,  18,  62—64 

,  relation  to  formation  of  uric  acid, 

429 
,  relation  to  formation  of  urea,  412, 

476 
,  preparation,  65,  66 
,  properties,  62— -64 
,  passage  of,  into  urine,  511 
,  behavior  in  the  animal  body,  412, 
476 
Leucin  ethylester,  64 
Leucinic  acid,  63 
Leucinimid,  19,  22 
Leucocytes,  relation  to  absorption,  306 

,  relation  to  formation  of  uric 
acid,  430 
in  thymus  gland,  201 
Leucomaines,  14 

in  urine,  463 
in  muscles,  341 


Leuconuclein,  163,  165,  166,  201 
Levulinic  acid,  78,  109 
Levulose,  72,  73,  74,  78,  83,  84 
in  urine,  505 
,  relation  to  glycogen  formation, 

215,  221 
,  absorption  of,  308 
,  behavior  in  diabetics,  221 
in  transudations,  190 
Lichenin,  88 

Lieben's  acetone  reaction,  508 
Lieberkiihn's  alkali-albuminate,  18,  32 

glands,  280 
Liebermann's  reaction  for  proteids,  27 
Liebermann-Burchard's  reaction  for  cholea* 

terin,  247 
Liebig's    titration    method   for   estimating 

urea,  418—421 
Ligamentum  nuchse,  53,  54 
Lignin,  90 

Linseed  oil,  feeding  with,  327 
Lion's  urine,  425 
Lipacidcemia,  179 
Lipcemia,  179 

Lipanin,  absorption  of,  312 
Lipochromes,  134,  377 
Lipolytic  enzyme  in  the  blood,  134 
Lipuria,  511 
Lithium  in  blood,  170 
Lithium  lactate,  344 
Lithium  urate,  432 
Lithobilic  acid,  304 
Lithofellic  acid,  231,  304 
Lithuric  acid,  463 
Liver,  206—211 

,  relation    to    coagulation    of    blood, 

168 
,  relation  to  formation  of  uric  acid, 

428,  431 
,  relation  to  formation  of  urea,  412, 

413,  414,  431 
,  blood  of,  173,  218 
,  proteids  of,  207 
,  fat  of,  208,  209 
,  quantity  of  sugar  in,  218 
Liver  atrophy,  acute,  yellow, 

,  elimination  of  ammonia  in, 

415 
,  elimination     of     urea     in, 

415 
,  elimination   of   leucin   and 

tyrosin  in,  511 
,  elimination    of   lactic   acid 
in,  343,  459 
Liver  cirrhosis,  ascitic  fluid  in,  193 

,  action  of,  on  the  elimina* 
tion    of    ammonia    and 
urea,  415 
Liver  dextrin,  214 

Liver  extirpation,  elimination     of    ammo* 
nia  with,  415,  428 
,  elimination  of  uric  add 
with,  428 
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Liver    extirpation,    elimination    of    lactic 
acids  with^  343,  428, 
459 
,  action  on  formation  of 
bile,  241,  242 
Lung  catheter,  530 
Lungs,  554,  555 
Luteins,  377,  378 

in  corpora  lutea,  373 
,  egg-yolk,  377 
in  serum,  134 
,  relation  to  hesmatoidin,  373 
Lymph,  183—188 
Lymphagogues,  187 
Lymphatic  glands,  198 
Lymph-cells,  quantitative   composition   of, 
201 
.  See  also  Leucocytes. 
Lymph-fibrinogen.     See  Tissue-fibrinogen. 
Lysatin,  19,  69,  412 
Lysatinin,  19,  69,  289 
Lysin,  19,  24,  59,  68,  289 
Lysuric  acid,  68 

Mackerel,  flesh  of,  355 
Madder,  feeding  with,  344 
Magnesium  in  urine,  466,  472,  475 
in  bones,  322,  325 
in  muscles,  345,  354 
.  See  also  various  tissues  and 
fluids. 
Magnesium  phosphate    in    intestinal    cal- 
culi, 303 
Magnesium  phosphate  in  urine,  466,  472 
Magnesium  phosphate  in  urinary  calculi, 

516,  518 
Magnesium    phosphate    in    urinary    sedi- ' 

nients,  514,  516 
Magnesium  phosphate  in  bones,  322 
Magnesium  soaps  in  excrementa,  301 
Malaria,  180 
Malic  acid,  behavior  in  the  animal  body, 

476 
Maltase,  86 

in  blood,  133 
Malt  diastase,  253 
Maltodextrin,  89 
Maltose,  85 

,  formation   from   starch,   89,   253, 

285 
,  absorption  of,  308,  309 
,  relation    to    glycogen    formation, 

210 
,  action  with  intestinal  juice,  280, 
291,  308 
Mammary  glands,  385,  403,  404 
Mandelic  acid,  479 
Man  in  poorhouse,  diet  of,  589 
Mannite,  78,  83 

,  relation    to    formation    of    gly- 
cogen, 214 
Mannose,  75,  78,  83,  91 
Mannoso-cellulose,  91 


Mare's  milk,  396,  397 
Margarine  and  margaric  acid,  94 
Marsh-gas,  formation  in  putrefaction,  291. 

296 
Maschke*s  acetone  reaction,  424 
Meat  extracts,  action  on  secretion  of  gu. 

trie  juice,  259 
Meat  in  intestinal  tract,  307 
,  calorific  value  of,  554,  555 
,  digestibility  of,  272 
,  composition  of,  329,  354-^356 
.  See  also  muscles. 
Meconium,  302 
Medulla  oblongata,  363 
Melanesmia,  180 
Melanins,  524 

,  relation  to  blood-pigments,  524 
,  relation     to     proteinchromogen, 

289 
,  properties  and   occurrence,  524^ 
525 
in  the  eye,  366 
in  hair,  493 
Melanogen  in  the  urine,  493 
Melanoidic  acid,  524 
Melanotic  sarcoma,  pigment  of,  524,  525 
Melebiose,  87 
Melissyl  alcohol,  98 
MellitsBmia,  179 
Membranines,  48,  321,  367 
Menstrual  blood,  174 
Menthol,    behavior    in    the    animal  bodv, 

482 
Mercapturic  acid,  482 
Mercury  salts,  passage  of,  into  milk,  4<)4 
,  passage  of,  in  sweat,  529 
,  action  on  ptyalin,  254 
,  action  on  trypsin,  28J> 
Mesitylen,  behavior  in   the  animal  body, 

480 
Mesitylenic  acid,  480 
Mesitylenuric  acid,  480 
Metabolism,  dependence  of  external  tem- 
perature upon,  583 
in  various  ages,  579 
in  work  and  rest,  350--354, 

580—582 
in  different  sexes,  579 
in  starvation,  556 — 562 
with     different     food  -  stuffs, 

566—578 
in  sleep  and  waking,  582 
,  calculation  of  extent  of,  549— 
554,  561,  562 
Metalbumin,  374 

Metaphosphoric   acid,   constituent    of   nn- 
cleins,     31,     108^ 
112 
,  as  reagent   for  pro- 
teids.  26,  485 
Methesmoglobin,  144 

in  blood  in  poisor.'.ng,  180 
in  urine,  490 


^^^B^r      ^^^^^^^                  ^^HJ^Hll^^^^^^l 

Methal,  98 

Mineral   acids,   action   on   the  elimination         ^^| 

Metluinf,    fonnation    in    putrefaction,    20, 

of  umiiioniu,  471.  505                                              ^^^H 

2f»4,  290 

Mineral    bmlien,  elimination  in  starvation.         ^^^| 

Alelbosi?,  70 

^^1 

Metbylenitan,  71) 

,  insu  flic  lent       supply       of.         ^^^| 

Metlivl  ^^lyeoeoll.     Soe  Sarcosin. 

5^2—506                                     ^^M 

.Mtthylguiiiiidin,  339,  423 

,  behavior  in  the  orsBni^m.         ^^^1 

Mfth>l^uaiidm-weetic  acid.    See  Creatio* 

603                                            ^H 

Methvlhydinidoinie  luid,  47ti 

.  See  also  the  varions  fluids,         ^^^| 

Methyl  indoL     See  Skatol 

tissues^  atid  juices,                   ^^H 

Methyl  mercaptan  in  pioteid  putrefaction, 

Mitoplaara,  106                                                             ■ 

2U,  54,  294,  2m 

Mixture  of  the  nitrogenous  substances  in                H 

in  urine,  483 

the  urine.  411,  427,  428                                                 ■ 

Methyl  pentose.     See  Rluiuinose. 

Modified  protcids,  29                                                          ^| 

^Methyl    pvridin,    behavior    in    the   animal 

Mohr's  titiation  metbo<l  for  chlorine,  404           ^^^| 

hodV,   47VI 

Moli.seh'ti  sugar  lei^t,  82                                            ^^^| 

Methvl-pvrWvl-omuuinium  hydroxide,  483 

MoriaTuido  acidn,  62                                                    ^^^| 

MethviiMUjiiiii,  33M.  423 

Monosaccharides,  72—84                                           ^^^| 

Methyl  xaiithin,   115,  435,  43(1 

Moore's  sugar  test,  80                                            ^^^M 

Mett'a  method  of  esitimating  pepsin,  204 

:  M«'>rner-Sj(>qviflt'8    method    of    esUsuitiJlg        ^^M 

MicrueaLvua  rest  i  In  ens,  3(MS 

^^H 

MiiTocoeeus  urece,  10,  514 

method     of    estimating         ^^^| 

Microorfiauisiiiia  in  intestinal  tract,  12,  274, 

acidity,  278                      ^H 

2[>4,  297,  301 

Momer's  reaction  for  aceto-aeetic  acid,  510          ^^B 

Milk,   385—405 

Morphin,  passage  of,  into  urine,  483                             H 

^m                ,  secretion  of,  402—404 

,  passage  of,  into  milk,  404                       ^^M 

^^^B               1  consumation    of,    in    intestine,    307, 

Mueic  acid,  84,  89,  302                                             ^^1 

^^^^^ 

,  relation   to  formation  of  gjy<         ^^H 

^^^^^H        f  blue   or  red,   404 

eogen,  214                                        ^^^| 

^^^^^H        ,  anti-putrefactive  action  in  iDtestine, 

Mucilages,  vegetable,  88,  90                                   ^^M 

^^^^B 

Mucin,  10,  45.  40                                                       ^^M 

^^^^^B         in  di^'^ease, 

in  sputum,  545                                           ^^^H 

^^^^^H        ,  pi^ssage  of  fciieign  bodies  into,  4(34 

in  connective  tissue,  310                           ^^^H 

^^^^^H        ,  behuvicir   in   the   stomach,  270,   274, 

in  urine.  402,  489                                        ^^H 

^^^^1 

in  salivary^  glands,  45,  241)                         ^^H 

^^^^^H        f  action   on   tbe   secretion   of  ^stric 

,  detection  of,  in  urine,  489                         ^^H 

^^^^H 

Mucin-like  substances  in  bile.  220                         ^^H 

^^^^^H       ,  action  on  the  secretion  ol  pancreatic 

urine,  402,  480               ^^H 

^^^^^r               juice,  284 

in  kidneys,  40C                  ^^H 

V                     .  See  also  different  varieties  of  milk. 

in     thyroid     gtnnd.         ^^H 

^k              Milk-fat,  388,  3!17 

^H 

^^H                      ,  analysis  of,  394 

in  synovial  Huid,  195         ^^H 

^^^                      ,  formation   of,   403 

Mucmogen,  47,  250                                               ^^H 

^^^        Milk-globules  from  cow's  milk,  387,  388 

Mueinoids.    See  Mucoids.                                     ^^^H 

H                                         from  human  milk,  397 

Mucin  peptone,  40,  260                                            ^^H 

■              Milk  plasma,  388 

Mucoids,  10,  47,  48                                                 ^^M 

■              Milk  sugar.  87,  391.  3f»2 

in  ascitic  fluids,  190,  193                       ^^H 

^^^B                          t  relation   to   formation   of  gly- 

in  the  vitreous  humor,  317,  367            ^^H 

^^^k                                (ogen. 

in  the  cornea,  321                                 ^^H 

^^^^^^                 ,  propertiei*,  391,  392 

Mucose.  46                                                                 ^^^^ 

^^^^H                 ,  fermentation,  386,  392.  30G 

Mucous  glands,  45,  249                                          ^^H 

^^^^^H                ,  invermcrn  of,  281.  2^*1,  392 

Mucous  membranes  of  the  sioiunch,  257             ^^^H 

^^^^^^H                   caloritic              of,  554 

Mucous  tissue,  310                                                  ^^^| 

^^^^^^B                ,  quantitative  estimation,  395 

Mucus  of  the  bile,  225,  239                                   ^H 

^^^^^^B                    absorption  of,  308 

of  the  urine,  400,  402,  480                        ^^M 

^^^^^H               ,  pa$.^ge  of,  into  urine,  216,392, 

of  synovial  l!uid,  195                                   ^^^H 

^^^^                           505 

Mulberry^  calculi.  518                                                ^^H 

■                                 ,  origin  of,  S85,  403,  404 

Murexide  test,  433                                                     ^^H 

■             Millon*a  reagent,  27 

MuKcle,  coagulation  of.  334,  330,  346,  357            ^^M 

■             Mineral   acids,   alknli-removing   action   of, 

Muscle- Ohres,  332                                                      ^^^H 

^^^                                        408,  471,  535,  5<13 

MuHclepigments,  337                                                ^^^H 

^^^H                             ,  anti-fermentive    action    of, 

Muscle  plasma,  333                                                   ^^^M 

^^^^ 

Musek-aerum,  333                                                  ^^H 

vl 
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Muscle-stroma,  335 
Muscle-sugar,  342 
Muacle-syntonin,  336 
Muscles,  striated,  356 

,  unstriated,  332—356 

,  blood  of,  174,  348,  349 

,  chemical   processes   in   work   and 

rest,  347—354 
,  chemical  processes  in  rigor,  346, 

347 
,  proteids  of,  333—337 
,  extractives  of,  338—345 
,  pigments  of,  337 
,  fat  of,  345,  352,  355 
,  gases  of,  346,  348,  352 
,  calorific  value  of,  554,  555 
,  mineral  bodies  of,  345,  356 
,  amount  of  water  in,  355 
,  composition  of,  354 
Muscosamin,  46 

Muscular  energy,  origin  of,  352 — 354 
Muscular  force,  chemical  processes  in  mus- 
cles, 347—354 
,  action  of,  on   urine,   408, 

423,  425,  461 
,  action  of,  on  metabolism, 
347—354 
Musculin,  16,  335,  337 
Mussels,  glycogen  of,  211 
Mustard-seed  oil,  action  on  the  secretion 

of  pancreatic  juice,  284 
Mutton-fat,  feeding  with,  327 

,  absorption  of,  312,  313 
Myco-protein,  17 
Myeline  forms,  104,  359 
Myelines,  359 
Myoalbumose,  335 
Myoalbumin,  335 
Mvogen,  337 
Myogen  fibrin,  334,  337 
Myoglobulin,  335 
Myohaimatin,  338 
Myoproteid,  337 
Myosin,  334,  337 

,  in  leucocytes,  156 
,  absorption  of,  304 
Myosin  ferment,  336 
Myosin  fibrin,  334,  337 
Myosinogen,  336,  337 
My osi noses,  36 
Myricin,  98 
Myricyl  alcohol,  98 
Myristic  acid  in  animal  fat,  92 
in  butter,  388,  397 
in  bile,  237 
in  wool-fat,  527 
Myxoederaa,  202,  203,  317 

Nails,  51,  521 

Naphthalin,  action  on  urine,  483 

,  behavior  in  the  animal  body, 
479 
iVa/>/itlioi-gIycuronic  acid,  4S2,  4%^ 


Naphthol,  reagent  for  sugar,  82,  500 
,  behavoir    in   the   animal 
482,  483 
Narcotics,  relation  to  glycogen  fornu^^^,.. 

214  — *^i] 

Native  proteids,  29 

Navel  cord,  mucin  of,  45,  47,  317 

Neossin,  48 

Nerves,  364 

Neuridin,  359,  362,  376 

Neurin,  103 

,  in  suprarenal  capsule,  204 
,  in  protagon,  359 
Neurochitin,  364 
Neurokeratin,  51,  358,  364 
Neutral  fats.     See  Fats. 
Nickel  salts,  behavior  to  amidoaeids,  69 
Nicotin,  action  on  quantity  of  CO.  in  the 

stomach,  271 
Nitrates  in  the  urine,  470 
Nitric-oxide  hsemoglobin,  147 
Nitro-benzaldehyde,   behavior  in  the  ani- 
mal body,  480 
Nitro-benzoic  acid,  22,  480 
Nitro-benzyl  alcohol,  481 
Nitro-cellulose,  91 
Nitro-hippuric  acid,  480 
Nitro-phenyl-propiolic    acid,    reagent  for 

sugar,  82, 
500 
,  behavior  iQ 
the  animal 
body,  449 
Nitro-toluol,  behavior  in  the  animal  body, 

482 
Nitro-tyrosin  nitrate,  65 
Nitrogen,  combined,  amount  of,  in  intesti- 
nal       evacuations, 
548,  549 
,  in  meat,  356,  550 
,  in  urine,  411 
,  estimation       of.      in 
urine,  417,  421 
Nitrogen  elimination  in    work    and    rest, 
350,      351,      352, 
580 
in     starvation,     557, 

558 
with    various    foods, 

566—576 
by  the  intestine,  307, 

548,  549 
by    the    urine,    411, 
467,    469,    548— 
550 
by     the     epidermis, 

549 
by  the  sweat,  528, 
548 
«  relation  to  the 
elimination  of 
phosphoric  acid, 
467 


Xitrogen  elimination,  relation  to  the 
elimination  of 
sulphuric  acid, 
460,  550 
,  relation  to  digestive 
activity,  471, 
548,  570 
ICitrogen,  free,  in  blood,  530 

,  in  intestine,  290 
,  in  stomach,  271 
,  in  secretions,  534 
,  in  transudations,  536 
Xitrogen  in  the  proteid  molecule,  17,  18 
Nitrogenous  deficit,  549 
Nitrogenous  equilibrium,  549 

,  w  i  t  h      various 
foods,     567, 
569,  572,  573, 
575 
Nitroso-indol  nitrate,  295 
Nubecula,  406,  462 
Nucleic  acids,  50,  107,  109—111,  113 
in  the  urine,  489 
,  combination    of,   with    pro- 
tamins,  371 
Nuclein  bases,  49, 50, 107, 108, 109, 113—120 

in  the  urine,  435 
Kucleins,  50,  107,  108,  112,  113 

,  relation    to    elimination    of    al- 

loxuric  bases,  435 
,  relation    to    formation    of    uric 

acid,  429,  430 
,  relation  to  elimination  of  PaOg, 

466 
,  absorption,  550 

,  behavior  with  gastric  juice,  266 
,  behavior  with  pancreatic  juice, 
290 
Kuclein  plates,  157 
Nucleo-albumins,  16,  30 

in  the  bile,  226 
in  the  urine,  462,  489 
in  the  kidneys,  406 
in  protoplasm,  30,  101 
in  synovial  fluid,  195 
in  transudations,  189, 190, 
192 
,  behavior  in  pepsin  diges- 
tion, 30,  265,  398 
Nucleo-histon,  16,  101,  111 

,  relation    to   coagulation    of 
blood,  164,  166 
in  urine,  490 
Nudeo-proteids,  16,  31,  50,  108,  HI,  112 
in  the  liver,  207 
in  gastric  juice,  260,  261 
in  mammary  glands,  385 
in  muscles,  336,  359 
in  the  kidneys,  405,  406 
in  the  pancreas,  282 
in  protoplasm,  101 
in   cell   nucleus,    106,    111, 
112 


Nucleo-proteids,  as  oxygen  carriers,  7 

,  behavior   in    pepsin    digea* 
tion,  50,  112,  266 
Nucleon,  340 

in  milk,  391,  399 
Nucleosin,  110 
Nucleothymic  acM,  110 
Nutrition  requirements,  568 

of  man,  584—590 
Ny lander's  reagent.     See  Alm6n-Bi)ttger'a 
sugar  test. 

Obermej'er's  indican  test,  449 

OberraUller's  cholesterin  reaction,  247 

Odoriferous  bodies  in  the  urine,  51G 

(Edema,  subcutaneous,  fluid  from,  195 

Oertel's  diet  cure,  590,  591 

(Esophagus  fistula,  258 

Oleic  acid,  95 

Olein,  94,  95 

Oligsemia,  177 

Oligocythaemia,  177 

Oliguria,  475 

Olive  oil,  absorption  of,  312 

,  action  on  the  secretion  of  bile,225 
Onions,  behavior  with  saliva,  255 
Onuphin,  48 
Oocyanin,  382 
Oorodein,  382 
Opalisin,  388,  398 
Opium,  404 
Optograms,  366 
Organic  acids,  behavior  in  the  animal  body, 

407,  461,  476 
Organized  proteids,  568,  569 
Organs,  loss  of  weight  in  starvation,  501 
Organs  of  generation,  370 — 385 
Ornithin,  19,  68,  480,  481 
Ornithuric  acid,  68,  480 
Orthonitro-toluol,  482 
Orthonitro  -  phenyl  -  propiolic     acid.       See 

Nitro-phenyl-propiolic  acid. 
Orylic  acid,  391 
Osarains,  75 

Osaraines  of  varieties  of  sugar,  75 
Osazones,  73 

Osmosis,  relation  to  absorption,  187,  315 
Osmotic  pressure  of  blood,  159 
Osone,  74 
Ossein,  55,  321,  324 
Osteomalacia,  324,  325 

,  lactic  acid  in  urine,  343 
Osteoporosis.    See  Osteosclerosis. 
Osteosclerosis,  324 
Otoliths,  369 
Ovalbumin,  16,  379 

,  behavior  in  the  animal  body, 
131,  380 
Ovarian  cysts,  373—376 
Ovaries,  372 
Ovglobulin,  379 
Ovomucin,  379 
Ovomucoid,  48,  380,  381 
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Ovovitellin,  16,  376 

Ovum,  376—384 

Oxalate  calculi,  517 

Oxalate  of  lime.    See  Calcium  oxalate. 

Oxalates,  action  on  blood  coagulation,  124 

Oxalic  acid  in  the  blood,  179 

in  the  urine,  438,  439 
,  behavior  in  the  animal  body, 
438,  476 
Oxaluria,  439 
Oxaluric  acid,  426,  438 
Oxamid,  18 
Oxidases,  7 
Oxidation  ferment,  6 

Oxidations,  1—9, 142, 221, 294,  330, 413, 414, 
429,  443,  447,  454,  476,  477,  478,  480,  537 
Oximes,  73 
Oxonic  acid,  426 

Oxyacids,  formation  in  putrefaction,  294 
,  passage  of,  in  urine,  294,  450 
,  passage  of,  in  the  sweat,  529 
Oxybenzoic  acid,  behavior  in  the  animal 

body,  480 
Oxybenzols,  479 
Oxybutyric  acid  in  the  blood,  535 

,  passage  of,  into  the  urine, 
471,  510 
Oxycarnic  acid,  44 
Oxyfatty  acids,  92 

Oxygen,  consumption  in  work  and  rest,  348, 
352 
in  starvation,  559,561 
by  the  skin,  529 
Oxygen,  activity  of,  4  -7,  142 

in  the  blood,  531,  536—540 

in  the  intestine,  296 

in  the  lymph,  184,  535 

in  the  stomach,  271 

in  the  swimming-bladder  of  fishes, 

543 
in  secretions,  535,  536 
in  transudations,  536 
,  combination  of,  in  the  blood,  140, 

141,  536,  539,  540 
,  tension  of,  in  blood,  537 — 541 
,  tension  of,  in  expired  air,  538 — 540 
,  action  of  CO3  in  expired  air,  542 — 

544 
,  lack  of,  action  on  proteid  destruc- 
tion, 343,  350,  351,  411 
,  lack  of,  action  on  elimination  of 

lactic  acid,  343,  459 
,  lack  of,  action  on  elimination  of 

sugar,  343,  459 
,  specific  capacity,  541 
Oxygen  carriers,  7 — 8,  142 
Oxygen,  calorific  value  in  the  combustion 

of  different  foods,  553 
Oxygen  consumption  in  the  blood,  144,532 
Oxyhaematin,  148 
Oxyhcemocyanin,  1.54 
Oxyhaemoglobin,  140  -^ 

,  dissociation  of,  HO,  551 


Oxyhaemoglobin,  properties  and  reactioi 
140,  141 
,  quantity  of,  in  the  bl< 

139,  171,  172,  177 
,  quantity  in  the  musci 

337 
,  passage  of,  into  the  urir 

490 
J  behavior      with      gasf 

juice,  266 
,  behavior  with  trypsin, 
Oxyhydro-paracumaric  acid,  451 
Oxymandelic  acid,  451,  452 
Oxynapthalin,  479 
Oxynitro-albumin,  22 
Oxyphenyl-acetic  acid,  64,  294,  451,  481 
Oxyphenyl  -  amido  -  propionic     acid. 

Ty  rosin. 
Oxy phenyl-propionic  acid,  23,  294,  451, 
Oxyproteic  acid  in  urine,  461 — 463 
Oxyproto-sulphonic  acid,  23 
Ozone,  3 

Ozone  exciter,  142 
Ozone  transmitter,  142 


Palmitic,  acid,  94 
Palmitic-acid  ester,  98 
Palmitin,  94 
Pancreas,  282,  283 

,  relation  to  glycolysis,  133,  224, 

283 
,  extirpation  of,  action  on  absorp- 
tion, 307,  310—314 
,  extirpation     of,    elimination    of 

sugar,  221—223 
,  charge  of,  200 
,  change  during  secretion,  282 
Pancreas  diabetes,  222 
Pancreas  proteid,  77,  283 
Pancreas  rennin,  290 
Pancreatic  casein,  290 
Pancreatic  juice,  283 

,  secretion  of,  283,  284 
,  enzymes  of,  284 — 291 
,  action      on      food-stuffs, 
282—290 
Parabanic  acid,  116,  426 
Paracasein,  390 
Parachymosin,  267 
Paracresol,  formation  in  putrefaction,  294, 

443,  444 
Paraglobulin.    See  Serglobulin. 
Parahaemoglobin,  141 
Paralactic  acid,  342,  343 

in  the  blood,  134,  172,  344 
,  relation    to    formation    of 

uric  acid,  429 
,  properties  and  occurrence, 

343,  345 

,  formation   from   glycogen, 

344,  346 

,  formation  in  osteomalaeia 
bones,  325 


^aralactic  acid,  formation  in  muscle  dur- 
ing work,  349,  352 
,  formation,  in  rigor  mortis, 

346 
,  formation,     in     lack     of 

oxygen,  344,  349,  459 
,  formation,      in      animals 
with    extirpated   livers, 
344,  459 
,  passage  of,  into  the  urine, 
429,  459 
Paralbumin,  374 
Paralytic  saliva,  250 
Paramidophenol,  478 
Paramucin,  375 
Paramyosinogen,  335 
Paranuclein.    See  Pseudonuclein. 
Para-oxyphenyl-acetic  acid,  294,  450,  451 
Paraoxyphenyl  propionic  acid,  450,  451 
Paraoxypropiophenon,  behavior  in  animal 

body,  482 
Para  peptone,  265 
Paraxanthin,  115,  436 

in  urine,  436 
Parietal  or  delomorphic  cells,  257 
Parotid,  249 
Parotid  saliva,  251 
Parovarial  cysts,  375 
Pea  legumin,  43 
Pemphigus  chronicus,  195 
Penicillum  glaucum,  63 
Pentacrinin,  526 

Pentamethylendiamin.    See  Cadaverin. 
Pentosanes,  77 
Pentoses,  77 

,  relation  to  glycogen  formation, 
78,  214 
in  urine,  506 
in  pancreas,  78 
in  nuclein  bases,  109 
in    nucleoproteids,    50,    78,    208, 
385 
,  relation    to   elimination   of  hip- 
puric  acid,  442 
Penzoldt,  acetone  reaction,  509 
Pepsin,  260 

,  properties,  261 

,  detection  in  gastric  contents,  276 
,  quantitative  estimation,  263,  264 
,  occurrence  in  the  urine,  314,  462 
,  occurrence  in  muscles.  338 
,  action  on  proteid,  263 
,  action  on  other  bodies,  266 
Pepsin-like  enzyme,  260,  261 
Pepsin  digestion,  263,  267 

,  products  of,  260,  265,266 
Pepsin  glands,  257 
Pepsin-hydrochloric  acid,  266 
Pepsinogen,  257,  269 
Pepsin  test,  263 
Peptochondrin,  318 
Peptones,  33 — 40 

in  putrefaction,  20,  294 


Peptones  in  pepsin  digestion,  33 — 39,  2G6 
in  trypsin  digestion,  33 — 39,  28& 
,  assimilation  of,  322 — 325 
,  relation  to  amylolysis,  256 
,  preparation,  40 
,  nutritive  value  of,  306,  571 

,  absorption  of,  304,  306  ^ ^ 

,  passage  of,  into  urine,  205,  487 
,  action  on  the  secretion  of  gastrio 
juice,  259""" 
Peptone-plasma,  124,  162 

,  carbon-dioxide  tension,  543 
Peptonuria,  520 
Pericardial  fluid,  189,  191 
Perilymph,  369 
Period  of  incubation,  383 
Peritoneal  fluid,  189,  192 
Permeability  of  the  blood  corpuscles,  160 
Peroxyprotic  acid,  23 
Perspiratio  insensibilis,  548 
Pettenkofer's  test  for  bile  acids,  227 

respiration  apparatus,  544 
Phacozymase,  308 
Phaseomannit,  341 
Phenaceturic  acid,  443,  479,  480 
Phenol-glycuronic  acid,  444,  482 
Phenol-sulphuric  acid  in  the  urine,  443 — 
446 
in  sweat,  628 
Phenols,  elimination    by    the    urine,    299, 
443—450,  478—481 
in  starvation,  297 
,  estimation  in  the  urine,  445,  448 
,  action  on  the  urine,  440,  483 
,  formation     in     putrefaction,     21, 

294—443,  444 
,  behavior  in  the  animal  body,  294 
Phenyl-acetic  acid,  formation  in  putrefac- 
tion, 22,  294 
,  behavior  in  the  animal 
body,  479 
Phenylalanln,    66.      See    Phenylamidopro- 

pionic  acid. 
Phenyl-amido-acetic  acid,  behavior  in  the 

animal  body,  479,  480 
Phenyl-amido-propionic  acid,  23 
Phenyl-amido-propionic   acid,   behavior   ia 

the  animal  body,  478,  480 
Phenyl-glucosazoue,  82 
Phenyl-glucoshydrazine,  73 
Phenyl-hydrazine  test,  81 

in  tlie  urine,  498 
Phenyl-lactosazone,  392 
Phenyl-maltosazone,  86 
Phenyl-propionic  acid,  behavior  in  the  ani- 
mal body,  441,  479 
Phenyl-propionic    acid,    formation   in    pu« 

trefaction,  23,  294,  441 
Philothion,  4 
Phlebin,  138 
Phlorhizin,  219,  507 
Phlorhizin  diabetes,  219,  507 
Phloroglucin  as  reagent,  78,  277,  506 
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Phosphate  calculi,  518 
Phosphate  diabetes,  467 
Phosphates  in   urine,   407,   460—469,   484, 
614—516 
.  See  also   the   different  phos- 
phates. 
Phosphocamic  acid,  43,  338,  340 

in  the  milk,  391 
in  the  urine,  462 
in     relation     to     the 
elimination   of   CO, 
and  lactic  acid,  347 
in  relation  to  muscu- 
lar    activity,    352, 
354 
Phospho-glyco-proteid,  44,  49 
Phosphoric  acid,  elimination  by  the  urine, 
466,  469,  472 
,  formation     in     muscular 

activity,  350 
,  physiological  importance, 
121 
Phosphorized   combinations   in   the  urine, 

462 
Phosphorus     poisoning,     action     on     the 
elimination    of 
ammonia,  415 
,  action      on      the 
elimination    of 
urea,  415 
,  action      on      the 
elimination    of 
lactic  acid,  340, 
459 
,  fatty       degenera- 
tion caused  by, 
208,  328 
,  change      in      the 
urine,  340,  415, 
511 
Photomethaemoglobin,  145 
Phrenosin,  361 

Phthalic  acid,  behavior  in  the  body,  478 
Phylloporphyrin,  139 
Phymatorusin,  524 

in  the  urine,  493 
Physetoelic  acid,  98 
Phytosterines,  246 
Phytovitellin,  43 

a-Pirolin,  behavior  in  the  animal  body,  481 
Pi .r.c  acid,  reagent  for  proteid,  26,  488 
,  reagent  for  creatinin,  424 
,  reagent  for  sugar,  82,  500 
Pigment  calculi,  245 
Pigments  of  the  eye,  365—367 

of  the  blood,  138—155 

of    the    blood-serum,    134,    377, 

378 
of  the  corpora  lutea,  152,  376 
of  the  egg-shell,  382 
of  the  fat-cells,  326 
of  the  bile,  233—237,  240,  242 
of  the  urine,  453 — ^o^ 


Pigments  of  the  skin,  524 — 527 

of  the  lobster,  382,  525 
of  the  liver,  208 
of  the  muscles,  337,  338 
of  lower  animals,  525,  526 
,  medicinal  pigments  in  the 
483,  496 
Pigmentary  alcoholia,  240 
Pig's  milk,  397 
Pike,  flesh  of,  356 

,  stomach  of,  262 
Pilocarpin,  action  on  the  secretion  of  in- 

testinal juice,  280 
,  action   on    the   elimination  of 

CO3  in  the  stomach.  271 
,  action     on     the     secretion  oi 

sweat,  528 
,  action     on     the    secretion         of 

saliva,  256 
,  action   on    the   elimination        o^ 
uric  acid,  428 
Piperazin  solvent  for  uric  acid,  432 
Piperidin,  432 
Piqare,  221 

Piria's  tyrosin  test,  65 

Placenta,  363  ,^^^ 

Plants,  chemical  processes  in  the  same,  1,  2^^* 
Plasma.    See  Blood-plasma. 
Plasmoschisis,  162 
Plastin,  106,  113 
Plattner's  crystallized  bile,  226 
Plethora  polycythaemia,  176 
Pleural  fluid,  189,  191 
Plums,  action  on  the  elimination  of  hip- 

puric  acid,  441 
Poikilocytosis,  177 
Poisonous  proteids,  48 
Polarization  test,  499 
Polycythaemia,  176,  181 
Polyperythrin,  526 
Polysaccharides,  87 — 92 
Polyuria,  475 
Pons  varolii,  363 
Pork-fat,  absorption  of,  313 
Potassium  combinations,  division  of,  in  the 

form-elements  and  fluids,  121 
Potassium  combinations,  elimination  of.  in 

fevers,  470 
Potassium  combinations,  elimination  of,  in 

starvation,  471 
Potassium    combinations,    elimination    by 

the  saliva,  256 
Potassium  combinations  in  the  urine,  479 
Potassium   chlorate,   poisoning   with,   144, 

184 
Potassium  phosphate  in  yolk  of  eggs,  376 
in  muscles,  345 
in  cells,   121 
Potassium  sulphocyanide  in  the  urine,  461 
in     saliva,     251, 
252 
Potatoes,  consumation  of,  in  the  intestine, 


^^^^^^^^^^^^^^^^                INDE^^^^^^^^^^^^^^^^^^^ 

^^H^         potential  energy  o\  various  foods,  554 — 5SQ 

Prothrombin,  127,  103—105                                ^^| 

^H          Freglobulin,   101,   112,  lfJ3 

Protic  acid,  338                                                       ^^M 

^^H          Preputial  secretion,  52(1 

Protocatechuic  acid,  behavior  in  the  body^            V 

^^1           Primary  albuiuoses,  37 

440                                                                            ■ 

^^H           PriBoneri<^,  food  ration  for,  580 

Protuelastoee,  54                                                   ^^H 

^H           Propepsin,  2011 

Protogolat^BC,  57                                                     ^^^^| 

^^m          Propetones,  33 

Protugeu,  33                                                           ^^M 

^^H          Propylamin,  soh^ent  for  uric  acidi  432 

Protone,  60                                                               ^^H 

^^H          Propyl   beiticol,  471^ 

Protoplasm,   101                                                    ^^^| 

^^H          Propylen  glycol,  relwtion  to  formation  of 

Protoplasm    poisons   and    proteid   destruc-      ^^H 

^^m             glycogoi,  214 

lioii,  411                                                                   ^^H 

^^m          Prostatic  calculi.  372 

P8eudoha?moglobin,  138,  143                                     V 

^^m                           secretion,  370;  371 

Pscudolevulose,   75                                                         H 

^^H          ProAtetic  f^oup,  50 

Pseudomuciu,  47^  375                                                 H 

^H           ProUigon .  105,  35S,  300 

in  ascitic  fluids,  103                     ^^H 

^^^H           ProlalbimTOHe.  30 

in  the  gall-btadder,  241               ^H 

^^1           Prutaniiin  15,  24,  50 

Peeudonucleic  acid,  108                                        ^^H 

^^^t         Prot«id,  separation  from  fluids,  2D 

Fseudonucleins,  30,  107                                        ^^B 

^^^B                      ,  approximate     estimation     in     the 

from  casein .  205,  390,  399               ■ 

^^^^H 

from  vitellin,  370                              ■ 

^^^^^B            ,  circulating     and     tissue    proteld. 

,  consumiition    and    absorp-             H 

^^^^B 

tion,  299^  550                        _^^M 

^^^^^^V             f  action   on    the   formation   of  glj- 

Fseudatagatose,  75                                              ^^H 

^^^^H                    cogen,  215^  210 

Pseudoicaiithin,  341                                              ^^M 

^^^^^H 

Psittamfulvin.  525                                                 ^^H 

^^^^^H            ,  living  find  dead*  4 

Psyllosteryl  aU'ohol.  526                                       ^^M 

^^^^H             ,  detection  of,  25— 2S 

P^^HuBteryl  ether,   523                                          ^^H 

^^^^^H             ,  detection  of,  in  urine,  483 — 490 

Ptomaines,  13,  22                                                 ^^H 

^^^^^H             f  quantitative  estimation  of,  28 

in  th£  urine,  403,  512                     ^^M 

^^^^^H             ,  quantitative     estimation      of,      in 

Ptyalin,  252                                                             ^^M 

^^^^H                                        490 

,  Whavior  with   hydrochloric  acid.      ^^H 

^^^^^H            ,  quanlitalive     estimation     of,     in 

254                                                              ■ 

^^^H                     milk.  393.  394 

»  action  on  starch,  253—257                 _^^| 

^^^^^B            ,  absorption  of,  304 — 30B 

Pulmotartaric  acid,  545                                       ^^H 

^^^^^H             ,  pass^^ge    of,    into    the    urine,    343, 

Purin^  114                                                               ^^H 

^^^^H 

Purin  bases,  110-114                                          ^^M 

^^^^^H             f  heat  of  combngtion  of,  654»  5^ 

Purin  nucleus,  114^  115                                       ^^^| 

^^^^^H            ,  digestibility  in  gastric  juice,  264^ 

Purple.  525                                                               ^H 

^^^^H                    205,  272-^276 

Purple  cruorin^  143                                              ^^^| 

^^^^                  t  digestibility    in    pancreatic    juice, 

Pus,  U16— 198                                                       ^H 

^H                             288,  2S9' 

blue,  108                                                        ^H 

^^H          P  rote  id  bodies    in  generfll,  16 — 44 

in   urine,  493,  494                                       ^^H 

^^H                                   ,  poisonous,   13,  14,  43 

197                                                        ^H 

^^^^^                              ,  summary    of    the    various, 

serum,   190                                                    ^^H 

^^^^B                                 UK  2^—44 

Putre^in,  13.  09                                                    ^^M 

^^^^^H                           vegetable,  43 

in  intestine,  512                                  ^^^| 

^^^^^H                       .  See  Also  the  various  proteid 

in  the  urine*  403,  512                         ^^^| 

^^^^^P                                bodies  of  tlie  tissues  and 

Pyin,  192.  190.  198                                              ^H 

^^^^^                                 fluids. 

Pyinic   acid.   198    ,                                                ^^H 

^^H        Froteid  metabolism  in  work  and  rest.  360— 

Pyloric  gland,  257—269                                       ^^H 

^^^^H                                                    580 

Pytoric  secretion,  200                                          ^^^| 

^^^^^B                                  in  starvation,  557,  558 

Pyocyanin,  108                                                      ^^H 

^^^^^B                                  in  various  ages,  5^ 

tn  sweat,  529                                   ^^H 

^^^^^H                                   with     different     foods, 

Pyogenin,  197,  301                                               ^^H 

^^^H                                            5tS6— 577 

Pyosin,  197,  361                                                   ^^H 

^^^^H                                  after  feeding  with  thy- 

Pyoxanthof^e,   ]08                                                    ^^H 

^^^^F                                           >*o^^I  extracts,  202 

Py-ridin,  behavior  in  the  body,  483                   ^^H 

■               Proteid  putrefaction,  13.  20,  294—300,  441, 

a-Pyridin-carbonie  acid.  481                               ^^H 

■                    443^50 

a-P>ridinnric  acid,  481                                        ^^^| 

■                Protein  chromogen,  20,  289 

Pyrocatechin,  440                                                ^^H 

H               Protein  substances,  15—71.     See  also  indi- 

,  occurrence  in  urine,  446             ^^H 

V                    vidua  1  protein  bodies. 

,  occurrence      in      buprareosi      ^^^| 

K                 Proteoses,  30.    See  Albuiuoses. 

capsule,  204                              ^^H 
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Pyrocatechin,  occurrence  in  transudations, 

190,  195 
Pyrocatechin-sulphuric  acid,  443—446 
Pyromucic  acid,  481 
Pyromucin-ornithuric  acid,  481 
Psychical  period  of  secretion,  259 
Putrefactive  processes,  5,  13,  20 

in   intestines,  294—300,  441, 
443—452 


Quadriurates,  432,  514 
Quercite,  78 

,  relation    to   glycogen   formation, 
214 
Quercitin,  78 
Quinic  acid,  behavior  in  the  animal  body, 

441 
Quinin,  passage  of,  into  urine,  483 
,  passage  of,  into  sweat,  529 
,  action   of,   on   the  elimination   of 

uric  acid«  428 
,  action  on  the  spleen,  200 
Quotient,  respiratory,  330,  352,  652,  582 

Racemic  acid,  behavior  in  the  animal  body, 

476 
Rachitis,  bones  in,  324,  325 
Radishes,  behavior  with  saliva,  255 
Raffinose,  87 

Reducing  substances,  formation  of,  in  pu- 
trefaction and  fer- 
mentation, 5,  296 
,  occurrence      of,      in 

blood,  5,  133 
,  occurrence      of,      in 
the  intestine,  296, 
454 
,  occurrence      of,      in 

urine,  459 
,  occurrence      of,      in 
transudations,  190, 
194 
Reduction  processes,   1,  2,  5,  7,  234,  296, 

330,  441,  454,  477 
Reichert-Meissrs  equivalent,  97 
Reindeer,  milk  of,  396 
Rennin,  200,  267,  389,  390 

,  detection   of,   in  gastric  contents, 

276 
,  detection  of,  in  the  pancreas,  290 
,  passage  of,  into  urine,  462 
Rennin  cells,  257 
Rennin  glands,  257 
Rennin  zymogen,  257,  267 
Resacetophenon,  482 
Reserve  cellulose,  91 
Resin  acids,  transition  into  the  urine,  483, 

485 
Respiration,  external,  530,  536 — 542 
,  internal,  530,  543 
of  the  hen's  egg,  383 
of  plants,  2 


Respiration.    See  also  Exchange  of  Gas  ^       un- 
der various  conditions. 

Respiratory  quotient,  330,  352.  652,  582_^S 

Rest,    meUbolism    during,   347,   348— a^S^  35> 
582 

Reticulin,  16,  57,  316 

Retina,  364 

Reversion,  85 

Reynolds'  acetone  reaction,  608 

Rhamnose,  71,  77 

,  relation    to    glycogen    forr^^HQia- 
tion,  78,  214 

Rheometer,  540 

Rhodizonic  acid,  341 

Rhodophan,  366 

Rhodopsin,  365 

Rhubarb,  action  on  the  urine,  483.  496 

Rib-cartilage,  320 

Ribose,  78 

Rice,  relation  to  excrements,  307 

Rigor  mortis  of  the  muscles,  346,  347 

Roberts'     method     of    estimating    sugar, 
504 

Rodents,  bile-acids  of,  231,  240 

Rods  of  the  retina,  pigments  of,  365 

Rosenbach's  bile-pigment  test,  394 
urme  test,  511 

Rovida's  hyaline  substance,  101,  137,  156, 
197 

Rubner's  sugar  test,  82,  499 

Rye  bread  in  the  intestine,  307,  310 

Saccharic  acid,  72,  460 

,  relation  to  glycogen  forma- 
tion, 214 
Saccharin,  relation  to  glycogen  formation, 

214 
Saccharogen  in  the  mammary  gland,  404 
Saccharose.     See  Cane  Sugar. 
Salicylic  acid,  action  on  pepsin  digestion, 
265 
,  action  on  metabolism,  677 
,  action  on  trypsin  digestion, 

289 
,  behavior     in     the     animal 
body,  480 
Salicyl  aldehyde,  oxidation  of,  6 
Salicyl-sulphonic  acid  as  proteid  reagent, 

26 
Saliva,  249—257 

,  secretion  of,  256,  257 
,  mixed,  252 

,  physiological  importance,  256 
,  behavior  in  the  stomach,  257 
,  various  kinds  of,  250.  261,  252 
,  action  of,  253,  254,  255 
,  composition  of,  255 
Salivary  calculi,  257 
Salivary  diastase.    See  Ptyalin. 
Salivary  glands,  249 
Salkovvski's  cholesterin  reaction,  247 
Sal kowski-Lud wig's  method  of  estimating 
uric  acid,  434 
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Salmin,  59,  60,  372 
Salmon,  flesh  of,  338 

,  sperma  of,  50,  372 
Salmonucleic  acid,  108 
Saltpetre,  action  on  metabolism,  577 
Salts.    See  the  various  salts. 
Salt-plasma,  124 
Salts  of  vegetable  acids,  behavior  in  the 

organism,  408 
Samandarin,  527 

Santonin,  action  on  the  urine,  483,  496 
Saponification  equivalent,  97 
Saponification  of  neutral  fats,  93,  97,  286, 

292,  310,  311—314 
Sarcolactic  acid.     See  Paralactic  acid. 
Sarcolemma,  332 
Sarcomelanin,  524 
Sarcomellanic  acid,  524 
Sarcosin,  339 

,  behavior  in  the  animal  body,  476 
Sarkin.    See  Hypoxanthin. 
Scherer's  inosit  test,  342 

reaction  for  leucin,  64 
reaction  for  tyrosin,  65 
Schiflf's  reaction  for  cholesterin,  247 
reaction  for  uric  acid,  433 
reaction  for  urea,  416 
Schreiner's  base,  371 
Schweitzer's  reagent,  90 
Sclerotica,  368 
Scombrin,  60 
Scyllit,  199 
Scymnol,  226 

Scymnol-sulphuric  acid,  226 
Sebacic  acid,  95 
Sebum,  526 

Secondary  albumoses,  37 
Sedimentation  of  the  blood  corpuscles,  136 
Sediments.     See  Urinary  sediments. 
Sedimentum  lateritium,  407,  432,  513 
Selivanoff's  reaction  for  levulose,  83,  505 
Semen,  370 
Semiglutin,  56 
Seminose.    See  Mannose. 
Senna,  action  on  the  urine,  483 
Seralbumin,  16,  130 

,  detection    of.    in    the    urine, 

484^80 
,  quantitative     estimation     of, 

132,  488 
,  absorption  of,  304 
,  behavior  in  the  animal  body, 
131,  380 
Serglobulin,  16,  129 

,  relation  to  the  coagulation  of 

the  blood,  163 
,  detection  of,  in  the  urine,  484 
,  quantitative     estimation     of, 
130,  488 
Sericin,  16,  58 
Sericoin,  59 
Serin,  59,  130 
Serolin,  131 


Serous  fluids,  185—196 
Serum.    See  Blood-serum. 
Serum  casein.    See  Serglobulin. 
Sex,  influence  on  metabolism,  580 
Sharks,  bile  of,  226 

,  urea  in  bile  of,  238 
Sheep's  milk,  397 

Shell-membrane  of  the  hen's  e^g,  51,  381 
Silicic  acid  in  feathers,  521 
in  urine,  472 

in  hen's  e^g,  378,  381,  382 
Silicic  acid  ester  in  feathers,  521 
Silk  gelatin,  58 
Sinistrin,  animal,  103 
Sincalin,  103 
Skatol,  22,  294,  295 

,  formation  in  putrefaction,  294,443, 

449,  450 
,  behavior  in  the  animal  body,  394, 
444,  449,  479,  482 
Skatol-acetic  acid,  22 
Skatol-amido-acetic  acid,  22 
Skatol-carbonic  acid,  450 
Skatol-pigment,  450 
Skatoxyl,  295,  449,  450 
Skatoxyl-glycuronic  acid,  450 
Skatoxyl-sulphuric  acid,  443,  449,  450 
in  sweat,  565 
Skeletins,  58 

Skeleton  at  various  ages,  323 
Skin,  521—530 

,  excretion  through,  525 — 529 
Sleep,  mietabolism,  580 
Smegma  prseputii,  526 
Smith's  reaction  for  bile-pigments,  495 
Snail  mucin,  45 
Snake  poison,  14 
Soaps  in  blood-serum,  132 
in  chyle,  183,  310 
in  pus,  197 
in  excrements,  301 
in  bile,  225,  237 
,  importance  of,  in  the  emulsification 
of  fats,  286,  292,  311,  313 
Sodium     alcoholate     as    a     saponification 

agent,  93,  97 
Sodium  butyrate  in  acetonuria,  507 
Sodium  chloride,  elimination  by  the  urine, 
136,  463,  464 
,  elimination  by  the  sweat, 

528 
,  physiological  importance, 

564 
,  quantitative     estimation, 

464,  465 
,  influence  on  the  quantity 

of  urine,  577 
,  influence  on  the  elimina- 
tion of  urea,  577 
,  influence  on  the  secretion 

of  pastric  juice,  268 
,  behavior   with   food  rich 
in  potassium,  564 
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Sodium    chloride,    insufficient    supply    of, 
136,  268,  564 
,  action    on    pepsin   diges- 
tion, 265 
,  action  on  trypsin  diges- 
tion, 288 
Sodium    compounds,    elimination    by    the 
urine,  470 
,  division    among    the 
form-elements  and 
fluids,  121 
.  See  also  the  various 
tissues  and  fluids. 
Sodium  phosphate  in  the  urine,  407,  466, 

467,  513 
Sodium  salicylate,  action  on  the  secretipn 

of  bile,  225 
Sodium  sulphate,  taction  on  proteid  meta- 
bolism, 577 
Sodium     tartrate,    relation    to    glycogen 

formation,  214 
Soldiers,  diet  of,  589 
Sorbinose,  83 
Sorbite,  73 

Source  of  muscular  energy,  352,  353 
Sparing  theory,  216 
Specific  rotation,  76 
Spectrophotometry,  153,  154 
Sperma,  59,  370—372 
Spermaceti,  98 
Spermaceti  oil,  98 
Sperma  tin,  372 
Spermatocele  fluids,  193 
Spermatozoa,  371,  372 
Spermin,  371 
Spermin  crystals,  370 
Spherules,  24,  376,  382 
Sphygroogenin,  206 

Spider  excrement,  guanin  therein,  117 
Spider  poison,  14 
Spiegler*8  reagent,  486 
Spirographin,  48 
Spirogyra,  121 
Spleen,  199,  200 

,  relation    to    formation    of    blood, 

200 
,  relation  to  formation  of  uric  acid, 

200,  429,  430 
,  relation  to  digestion,  200 
,  blood   of  the,   173 
Spleen  pulp,  199 
Splitting  processes,  1,  2,  9 
Spongin,  16,  58 
Sputum,  544,  545 
Starch,  87 

,  hydrolytic   cleavage   by   intestinal 

juice,  281 
,  hydrolytic  cleavage  by  pancreatic 

juice,  285 
,  hydrolytic  cleavage  by  saliva,  253, 

254 
,  calorific  value  of,  554 


Starch,  absorption  of,  308,  309 

,  behavior  in  the  stomach,  271 
Starch  cellulose,  87 
Starch  granulose,  87 
Starvation,  action  on  the  blood,  175,  180 
,  action  on  the  secretion  of  bile, 

224 
,  action  on  the  urine,  297,  410, 

427,  441,  447 
,  action    on   the  elimination  of 

indican,  297,  447 
,  action   on   the   elimination  of 

oxalic  acid,  438 
,  action    on     the    secretion   of 

pancreatic  juice,  283 
,  action   on   the   elimination  of 

phenol,  297 
,  action    on     metabolism,    553, 

556—562 
,  quantity  of  nitrogen  in  excre- 
ments in,  549 
,  death  from,  556 
Starvation  cures,  590,  591 
Steapsin,  285 
Stearic  acid,  94 
Stearin,  94 

,  absorption  of,  312 
Stercobilin,  234,  302,  455 
Stercorin,  247,  302 
Stethal,  98 

Stokes's  reduction  fluid,  143 
Stokois's  reaction  for  bile-pigments,  495 
Stomach,  importance  in  digestion,  273.  274 
,  relation    to    intestinal    putrefac- 
tion, 275 
,  auto-digestion  of,  274 
,  digestion  in  the,  270—275 
Stomachic  glands,  257,  269.  270 
Streptococcus,  behavior  with  gastric  juice, 

274 
Stroma  fibrin,  138 
Stroma  of  the  blood-corpuscles,  137 

of  the  muscles,  336 
Strontium  salts  and  blood  coagulation,  124 
Struma  cystica,  204 

Strychnin,  passage  of,  into  the  urine,  483 
Sturgeon,  sperma  of,  69,  372 
Sturin,  59 

Sublingual  glands,  249 
Sublingual  saliva,  251 
Submaxillary  glands,  249 
Submaxillary  mucin,  44,  45 
Submaxillary  saliva,  250 
Succinic  acid  in  putrefaction,  20 

in  the  fermentation  of  milkr 

386 
in  the  intestine,  293 
in  the  spleen,  199 
in  transudations,  190,  194 
in  the  thyroid  glands,  201 
,  passage   of,   into   the   urine> 
459 


Succinic  acid,  passage  of,  into  the  sweat, 

52S 
5ugar,    relation    to    work,    348,    349,    352, 
353 
,  formation  from  fats,  218,  353 
,  formation  from  peptones,  218 
Sugar  formation  in  the  liver,  217—219, 222, 
223 
after     pancreas     extirpa- 
tion, 222,  223 
Sugar,  behavior  on  subcutaneous  injection, 
216 
,  behavior  to  blood-corpuscles,  160 
.  See  also  various  kinds  of  sugar. 
Sugar  tests  in  the  urine,  496 — 504 
Sulphocyanides  in  the  urine^  461 

in  the  saliva,  251,  252 
SuIi)honal  intoxication,  urine  in,  492 
Sul phone,    behavior   in   the   animal    body, 

477 
Sul  phonic   acids,   behavior   in    the   animal 

body,   477 
Sulphur  of  protcids,  18 

in  the  urine,  461,  462 
,  elimination    of,    in    activity,    351, 

461,  402 
,  elimination  of,  with  lack  of  oxy- 
gen, 461,  462 
,  neutral     and     acid     sulphur     in 

urine,  461 
,  behavior  in  the  organism,  461,462 
Sulphur  methfemoglobin,  146 
Sulphuretted  hydrogen   in  putrefaction  in 

the  intestine, '294,  296 
Sulphuretted  hydrogen  in  the  urine,  462 
Sulphuric  acid,  ethereal,  and  sulphate  in  the 
urine,  469 
,  elimination  of,  in  activity, 

351 
,  elimination      of,      by     the 

urine.  469 
,  elimination      of,      by     the 

sweat,  528,  529 
,  estimation  of,  469 
,  relation    to   elimination    of 

nitrogen,  351,  469,  549 
,  action  on  pepsin  digestion, 
264 
Suprarenal  capsule,  204 
Sweat,  527—529 

,  secretion  of,  527 
,  action  of,  on  the  urine,  407,  408 
Swimming-bladders  of  fishes,  gases  of,  543 
,  guanin  in,  1 17 
Sympathetic  saliva,  250 
Synjvial   fluid,   195 
Synovin,  195 
Synthesis,  1,  2.  6 

of  ethereal  sulphuric  acids,  204, 

443,  447,  449,  482 
of  proteid,  24 

of  conjugated  glycuronic  acids, 
445,  449,  460,  477,  482 


Svnthesis  of  uric  acid,  426,  429 
of  urea,  410,  413,  414 
of  hippuric  acid,  2,  440 
of   varieties   of   sugars,   73,   74, 
79 
Syntonin,  32,  336 

,  calorific  value  of,  555 

Tagatose,  75 

Talonic  acid,  84 

Talose,  75,  84 

Tapeworm  cyst,  195  . 

Tannic  acid,* behavior  in  the  animal  body, 

482 
Tartar,  257 

Tartaric  acid,  relation  to  glycogen  forma- 
tion, 214 
,  passage  of,  into  sweat,  528 
,  behavior  in  the  animal  body, 
476 
Tatalbumin,  379 
Taurin,  232 

,  behavior  in  the  animal  body,  476 
Tauro-carbamie  acid,  476 
Taurocholio  acid,  228 

,  quantitv  in  various  biles, 

239,  '240 
,  occurrence  in  meconium, 

302 
,  decomposition   in  the  in- 
testine.   297 
,  proteid   precipitating   ac- 
tion, 20 
Tea,  action  on  metabolism,  578 
Tears,  368 
Teeth,  325 

Teichmann's  crystals,  149,  150,  491 
Tendon  mucin,  45,  316 
Tendon  synovia,  195 
Tension  of  the  CO,  in  the  blood,  539—543 
in  the  tissues,  543 
in  the  Ivmph,  184 
O  in  the  blood,  536—541 
Terpen-glycuronic  acid,  482 
Terpentine,  action  of,  on  the  secretion  of 
bile,  225 
,  action   of.  on   the  urine,  482, 

483 
,  behavior  in  the  animal  body, 
482 
Tetanin,  13 

Tetronerj'thrin,  154,  525 
Testis,  3V0 
Tewfikose,  392 

Thallin,  action  on  the  urine,  483 
Theobromin,  115 

,  behavior  in  the  animal  body, 
436 
Theophyllin,  115 

,  behavior  in  the  animal  body, 
436 
Thioalcohols,  behavior  in  the  animal  body, 
477 
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Thioglycolic  acid,  behavior  in  the  animal 
body, 477 

Thiolactic  acid,  52 

Thiophen,  481 

Thiophenic  acid,  481 

Thiophenuric  acid,  481 

Thrombin,  127,  128,  162—165 

Thrombosin,  165 

Thymin,  110 

Thymic  acid,  110 

Thymus,  200 

,  relation    to    the    elimination    of 
allantoin,  440 

Thymus-nucleic  acid,  109 

Thyreoantitoxin,  202 

Thyreoglobulin,  203 

Thyreoproteid,  202 

Thyreoproteine,  201 

Thyroid  gland,  201,  202 

,  relation    to    proteid    cata- 
holism,  202 

Thyroiodin.    See  lodothyrin. 

Tissue-fibrinogen,  101,  112,  166 

Tollen's  reaction  for  pentoses,  506 

Toluhydrochinon,  451 

Toluol,  behavior  in  the  animal  body,  441, 
479 

Toluric  acid,  480 

Toluylendiamin,  poisoning  with,  244 

Toluylic  acid,  480 

Tonus,  chemical,  of  the  muscle,  347 

Tooth  tissue,  325 

Tortoise,  bones  of,  322 

Tortoise-shell,  51,  526 

Toxalbumins,  14 

,  relation   to   the   coagulation 
of  the  blood,  161 

Toxins,  13,  206 

Transudations,  188—198,  536 

Trehalose,  87 

Tribromacetic  acid,  22 

Tribromamido-benzoic  acid,  22 

Tricalcium  casein,  389 

Trichloracetic  acid  as  reagent,  26 

Trichlorbutyl  alcohol,  behavior  in  the  ani- 
mal body,  477 

Trlchlorbutyl-glycuronic  acid,  477 

Trichlorethyl-glycuronic  acid.     See  Uroch- 
loralic  acid. 

Trichlorpurin,  114 

Trinitro  albumin,  22 

Triolein,  95 

Tripalmitin,  94 

Triple  phosphate  in  urinary  sediments,  514, 
516 
in    urinary    calculi,    516, 
518 

Tristearin,  94 

Trommer's  test  for  sugar,  81,  497 

Trommer's   test  for   sugar,   behavior   with 
glycuronic  acid,  461 

Tronimer's  test  for  sugar,  \>eVva.v\0T  ^\\.\i 
uric  acid,  433 


Trommer's  test   for  sugar,  behavior  -         wi| 

ceratinin,  423 
Tropics,  metabolism  in  inhabitants  »f  58 

Trypsin,  282,  287 

,  action  on  proteids,  288 
,  action  on  other  substances,  "i^        ^ 
Trypsin  digestion,  288 

,  action  of  various  c( — .is^ndi- 
tions  upon.  288,     ==^9 
,  products  of,  289 
Trypsin  zymogen,  287,  290 
Tryptophan,  20,  289 
Tuberculinic  acid,  59 
Tuberculosamin,  59 
Tubo-ovarial  cysts,  375 
Tunicin,  521,  522 
Turacin,  525 
Turacoverdin,  525 
Typhotoxin,  13 
Tyrosin,  64 

,  in  urine,  511 

,  in  sediments,  511,  616 

,  detection  of,  65,  511 

,  origin  of,  19,  20,  64,  294 

,  behavior     in     putrefaction,     294, 

441,  443 
,  behavior  in  the  animal  bodv,  478, 
479 
Tyrosin-sulphuric  acid,  65 

Uffelmann's  reaction  for  lactic  acid,  277 
Ultzmann's  test  for  bile-pigments,  495 
Uraemia,  bile  in,  240 

,  gastric  contents  in,  270 
,  sweat  in,  528 
Uramido  acids,  476 
Uramido-benzoic  acid,  480 
Urates,  432 

in  sediments,  406,  514,  515 
Urea,  410 

,  elimination  in  starvation,  410,  553 
,  elimination  in  children.  411,  580 
,  elimination  in  disease,  411,  415,  471 
,  elimination  after  various  foods,  410, 

566,  567,  568,  570—576,  577 
,  progress  of  elimination  after  meals, 

570 
,  properties  and  reactions.  415 — 417 
,  formation  and  origin,  412 — il5,  470, 

471 
,  quantitative  estimation,  417 — 422 
,  splitting  by  ferments,  10,  416,  514 
,  synthesis,  410,  412 — 415 
,  occurrence   in    the    blood,    134,    172, 

179,  414.  415 
,  occurrence  m  the  bile,  238,  410 
,  occurrence   in    the   vitreous   humor, 

366 
,  occurrence  in  the  liver.  410.  431 
,  occurrence  in  the  muscles.  338 
Urea  nitrafe.  416 
Uiea  oxalate.  416 
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Ureometer,  Esbach's,  422 

Urethan.     See  Carbamic  acid  ethyl-ester, 

422 
Uric  acid,  426 

,  elimination  in  disease,  427,  428 
,  elimination   after   feeding   with 

nuclein,  420 
,  relation  to  urea,  426,  431 
,  properties  and  reactions,  431 — 

433 
,  formation  in   the  animal  bodv, 

428—431 
,  formation  from  ammonia,  428 
,  relation  to  leucocytosis,  430 
,  relation  to  the  spleen,  200,  429, 

430 
,  quantitative    estimation,    433 — 

435 
,  syntheses  of,  426 
,  behavior    in    the    animal    body, 

431 
,  occurrence  of,  426 
,  occurrence  of,  in   the   blood  in 

pneumonia,  179 
,  occurrence  of,  in  butterflies,  427, 

525 
,  occurrence  of,  in  sweat,  529 
,  occurrence  of,  in  sediments,  406, 
432,  513,  514 
Uric-acid  calculi,  517 
Uricacidffimia,  179 
Urinary  calculi,  516—520 
Urinary  pigments,  453 — 459,  493 
,  medicinal,  496 
Urinary  sand,  516 
Urinary  sediments,  406,  514 — 516 
Urine,  405—521 

,  excretion  of,  473 

,  inorganic  constituents  of,  403 — 473 

,  poisonous  constituents  of,  463 

,  organic  pathological  constituents  of, 

483—513 
,  physiological  constituents  of.  410 — 

473 
,  casual  constituents  of,  475 — 483 
,  color  of,  407,  453,  475,  483,  490,  492, 

494,  496 
,  solids,  calculation  of,  474 
,  quantity  of  solids,  475 
,  alkaline  fermentation  of,  416,  459, 

514 
,  acid  fermentation  of,  513 
,  gases  of,  473 
,  quantity  of,  473 — 475 
,  physical  properties  of,  406 — 110 
,  reaction  of,  407,  408,  513 
,  acidity  of,  407,  408 
,  estimation  of  acidity,  408,  468 
,  specific  gravity  of,  408,  409 
,  determination    of    specific    gravity, 

409,  474,  475 
,  passage  of  foreign  bodies  into,  475 — 
483 


Urine,  reducing  power  of,  459 
,  composition  of,  475 

Urine  indican,  447 

Urine  indigo,  447,  449,  453,  611,  516 

Urine  poison,  463 

Urine  sugar.    See  Dextrose. 

Urinometer,  409 

Urobilin,  453,  454—468 

,  relation    to   bilirubin,   234,   243, 

454,  455 
,  relation  to  choletelin,  453 
,  relation  to  heematin,  243,. 455 
,  relation     to     hsematoporphvrin, 

151,  456 
,  relation  to  hydrobilirubin,  234, 464 

Urobilin  icterus,  456 

Urobilinogen,  453,  457 

Urobilinoid  bodies,  454 

Urobilinoidin,  454 

Urocarnic  acid,  463 

Urochloralic  acid.  460,  477 

Urochrome,  453,  454 

Urocyanin,  453 

Uroerythrin,  453,  458 

Urofuscohaematin,  493 

Uroglaucin,  453 

Urohaematin,  453 

Urohodin,  453 

Uroleucic  acid,  446,  450,  452 

Uromelanins,  453 

Uronitro-toluolic  acid,  482 

Urophaein,  453 

Urorubin,  453 

Urorubrohtematin,   493 

Urorosein,  453,  493 

Urosj)ectrin,  492 

Urostealith,  518 

Urotoxic  cooHicient,  463 

Uroxanthin,  44^ 

Uroxonic  acid,  426 

Uterine  milk,  383 

Valerianic  acid,  18,  23 

Vegetable    acids,    behavior    of    the    alkali 

salts  of,  in  body,  408,  476 
Vegetable  gums,  88,  90 
Vegetable  mucilages,  88,  90 
Vegetable  myosin,  43 
Vegetable  protcid,  43 
Vegetarians,  food  of,  573,  686 

,  excrement  ifrom,  300 
Vernix  caseosa.  526 
^^esicatory    blisters,    195 
Visual  purple,  365 
Visual   red.  365 
Vital i's  pus-blood  test,  491 
Vitellin,   16 

in  yolk  of  egg,  376 

in  protoplasm,  101 
Vitellolutein,  378 
Vitellonibin,  378 
Vitelloses,  36 
Vitreous  humor,  366 
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Water,  drinking  of,  action  in  the  elimina 
tion  of  chlorides, 
4G4 

,  action  on  the  elimina- 
tion   of    uric    ac' 
428 
,  action  on  the  elimina 

tion  of  urea,  576 
,  action  on  the  deposi 

tion  of  fat,  576 

,  action   on    the   excre 

tion   of   urine,  473 

474 

Water,  elimination  of,  by  the  urine,  473 — 

475,  548 

,  elimination   of,   by   the   skin,  527, 

548 
,  elimination  of,  in  starvation,  560 
,  elimination  of,  importance  for  the 

animal  body,  562 
,  elimination  of,  quantity  of,  in  the 

various  organs,  562 
,  elimination,  lack  of,  in  the  food, 
562 
Wax  in  plants,  98,  526 
Weidel's  xanthin  reaction,  117 
Weyl's  reaction  for  creatinin,  424 
Wheat  bread,  absorption  of,  307 
Whey,  387 
Whey  proteid,  390 
White  of  Q^g,  378 

,  calorific  value  of,  554 
Witch's  milk,  401 
Woman's  milk.     See  Human  milk. 
Wool -fat,   248,   527 

Work,  action  on  the  elimination  of  chlorine, 
464 
,  action  on  the  elimination  of  phos- 
phoric acid,  467 


Work,  action  on   the  elimination  of  su 
phur,  351,  461 
,  action   on   the   necessity  for  foo 

588—590 
,  action    on    metabolism,    548— 5o 
579—583 
VVorm-Mtiller*s  sugar  test,  497 
Xanthin,  115,  116 

in  the  urine,  435 
in  urinary  calculi,  518 
,  in  urinary  sediments,  510 
,  detection   and   quantitative  es 
mation,  120,  121,  437 
Xanthin  bodies.    See  Nuclein  bases. 
Xanthin  calculi,  518 
Xantho-creatinin,  341,  350,  425 
Xanthophan,  366 
Xanthoproteic  acid,  22 
Xanthoproteic  reaction,  27 
Xanthorhamnin,  78 

Xylol,  behavior  in  the  animal  body,  47 
Xyloses,  78,  91 

,  relation     to     the     formation 
glycogen,  77,  214 

Yeast-cells,  relation  to  fermentation,  9 
Yeast  nucleic  acid,  109 
Yolk  of  the  hen's  egg^  376 
Yolk-spherules,  376,  382 

Zinc  in  the  bile,  238 
in  the  liver,  211 
,  passage  of,  into  milk,  404 
Zooerythrin,  525 
Zoofulvin,  525 
Zoorubin,  525 
Zymase  from  beer-yeast,  10 
Zymogens.    See  various  enzymes. 
Zymoplastic  substances,  163,  165,  166 


